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(57) Abstract 

The present invention com- 
prises growth hormone releasing 
peptides/peptidomimetics (GHRP) capable 
of causing release of growth hormone from 
the pituitary. Compositions containing 
the GHRP's of this invention are used to 
prcMnote growth in mammals either alone or 
in combination with other growth promoting 
cOTipounds. especially IGF-1. In a method 
of this invention GHRP*s in combination 
with IGF-1 arc used to treat Type II 
diabetes. An exemplary compound (1) of 
this invention is provided above. 
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LOW MOLECXJLAR WEIGHT PEPHDOMIMETIC GROWTH HORMONE 

SECRETAGOGUES 

FIELD OF THE INVENTION 

5 The invention relates to synthetic peptidoniimetics having growth hormone releasing 

activity in manunals. The peptidomimetics of this invention are iised to stimulate the release of 
endogenous growth hormone (GH) in mammals needing elevation of serum growth hormone 
levels. 

10 BACKGROUND OF THE INVENTION 

GH secretion is known to be inhibited by the hypothalamic hormone somatostatin (SS) 
and stimulated by GH-releasing hormone (GHRH) in all mammalian sf>ecies studied including 
humans. In man, GH is released from the anterior pituitary somatotrophs in pulsatile secretory 
bursts occurring about 4^ times in each 24 hour period (Devesa, J., et al, Trends Endocrinol 

15 Metab.. 3:175-183 [1992] and Mason, W. T, et al. Acta Paediatr Suppl 388:84-92 [1993]). This 
episodic release pattern seems to be optimal for inducing the physiological effects of GH since 
many target tissues appear to be more sensitive to the frequency than the total amount of GH 
arriving at the target tissue (Robinson and Clark Growth Hormone : Basic and Clinical Aspects 
Isaksson, Binder, Hall and Hokfelt eds., Amsterdam, pl09-127 [1987]). It is believed the 

20 episodic secretion of GH is caused by the rhythmic alternate release of the excitatory 44-amino 
acid peptide GHRH and the inhibitory tetradecapeptide SS, regulated through the "pituitary- 
hypothalamus axis" (see Figure 1). Secreted GH, in turn, both directly and indirectly through 
IGF-1 appears to maintain this rhythm by stimulating SS and inhibiting GHRH release. Other 
neurotransmitters also modulate GH release usually by stimulating or inhibiting SS release. 

25 Additionally, other factors including exercise, sleep, glucocorticoids, thyroid hormones (e.g. 
TSH), sex steroids (e.g. testosterone and 17-p estradiol), free fatty acids, amino acids (e.g. 
arginine and ornithine), and glucose levels further modulate GH release. 

In addition to the two primary endogenous regulators of GH release, SS and GHRH, a 
nimtber of other peptidyl/nonpeptidyl compounds have been shown to stimulate GH release 

30 primarily through the pituitary-hypothalamus axis. These include the peptides galanin, 
pituitary adenylate cyclase-activation peptide (PACAP), delta sleep-inducing peptide (DSIP), 
and angiotensin II. These peptides, however, generally lack specificity for GH release. A 
number of structurally diverse nonpeptidyl GH secretagogues (e.g. Talipexole and Clonidine) 
are reported to stimulate GH release in vitro and in vivo, but these compounds are believed to 

35 mediate their effect through cholinergic, adrenergic, dopaminergic or serotonergic pathways 
and thus also lack GH releasing specificity. 

Apart from GHRH, the GH secretagogues having the greatest GH releasing specificit>' 
and thus having the greatest therapeutic potential are the growth hormone releasing 
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peptides/peptidomimetics (GHRP's) (Bowcis I P^i.^ v^a • , 

indq«Kla« GH ,e).«mg paa,„.v F„ , *""««=ed by their 

7 Pieces or specific antagonists to GHRH or nWRP-.. 
GH release by the opposite .Jr.. "° ^^^^'^ stimulation of 

»n»ordl»^,«^p<^^^ exposure „iA tt» 

no effc« „ GHRH ^^J^T* °' °" <" » P"«-'" CHRP have 

15 =™H.«cep«.rh«be».ck»«.i„,„».b„„Zlt^ S-T-i^in,,,, „hUe ,he 

7:77^ (im.. .he CHRP .ecep.0, h« " • 

ae..e.s;;::r.~err.^j^""'"-'^-»-°-^^ 

«xici.y, ^ „el. ,oler.,ed. „d c» efeva.e LToH^.T^' "° ™ 
hunums (Bowers / P^i,„ r„.^ • , ! ! ""^ ™ " ' do^-ln^ndent m«™r in nornuU 

=5 <-o.3^,. Morepo-ent^^*^ r:tr'':;r"r'"^'^'^^ 

co^dsa,e.,s.e,pec.ed.bepoor,ya.s. Jor^r**' ""^ 



30 



35 



His-D Tip-Ala-Tip-D Phe-Lys-NH2 
(HwAWfK-NH2) 
GHRP.6 

Ala-His-D PNal-Ala-Trp-D Phe-Lys.NH2 
(AHbAWfK-NH2) 
GHRP-1 
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D Ala-D pNal-Ala-Trp-D Phe-Lys-NH2 
(abAWfK-NH2) 
GHRP-2 

5 More recently, nonpeptidyl benzolactaxn GH secxetagogues that appear to use the same 

alternative signal transduction pathway as GHRP-6 have been described (Smith, R.G. et ah. 
Science 260:1640-1643 [1993] and U.S. Patent No. 5,206;235). The benzolactam L-692,429 in 
combination with GHKP-6 at concentrations that maximally stimulated GH release produced 
no additional GH release. Conversely, GHRH and L-692,429 were reported to give a 
10 synergistic increase in GH secretion. GHRH and L-692,429 were also reported to effect a 
common transient desensitation pattern indicating these compounds opperate through a 
common receptor pathway. L-692,429 is reported to be about 6-fold less potent that GHRP-6 
and to be specific for GH release, except for some in vivo ACTH and Cortisol releaise. 




L-692,429 



15 A more potent analogue of L-692,429 having a potency in the rat pituitary cell assay 

slightly greater than GHRP-6 has abo been reported (Schoen W. R. et al, Bioorg. & Medicinal 
Chem. Lett 4:1117-1122 [1994]). This compoimd, L-692,585, presumably causes GH release by 
the same alternative pathway as GHRP-6. 




L-692,585 



-3- 
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problems with oral avaibbility and spedfidly. =re remam 

OBJECTS OF THE IN VB*nON 
« »^ o^ec, o, «u, invenaon .„ p„^ae novel G„ ,.c«..g„g„e. ««. p™„o,e ^ 
of «,d„genou. growU, hormone i„ ma^nak. „ u , ^.^^er ^ provide GH 

--SO^U... P»v.e a ,^er^«. Increa. m C„ aecreHon Iblned^Tc;^" 

n«.Ul.te*erol^„,a^i„„^,^.„p_.,_„^ ^^^^^ 

T: "°«'^-^'- --'-^^^ .rn 

.t!r ""^ =" "cr«agog„e, .ha. are specm. CH rel.a« and do „1 

«gn*cant«lease„foU«,hormo„e.,«,peclally;LHFSHTSH Ar™ , ■ """""""^ 
^m^-lnandeor^so,. - ojo^^ ZlTr:r:p~ 

the following specification. apparent from 

15 

SUMMARY OF THE INVENTION 

A-j-B-l-C 
a 2l 

Ar2 



20 



where the symbols in formula (I) define the following groups: 
A is selected from 

O S 
RA^N- RA^N- RA^^,- 
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10 



rC 

V- 

o s o 



15 



RC rC 
OH CN 



RC rC 
RC 



RC 

I 



rC 
I 



RC 



o 
II 



rc 



and Ci-Cealkyl substituted with 



20 



B may optionally be selected from the group a covalent bond, and 
25 Ci-C3allgrl,whenL2is-N(RC)^ 

L D+E-Z 

C is selected from the group hydrogen, , D-Y, and ^ 

2Q D is selected from the group 



^N-- ^N'' -A^ 

rD rD rD rD o rD 

35 , . . , , 
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CN 



10 



E is selected from the group 
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' and Ci-C6alkyl substituted with 



N 
RD 



15 



RE 
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20 



CN 
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II 



O rE 



RE 



OH 



RE 



v^s^ 



RE 

o 



rE 
I 



and Ci-Cealkyl substituted with ° 



25 H K '"''^ ^^'^'^"'*"P*"^""*'y^^fr°»*"bstitutedorunsubstituted^^ 
andsubst.tutedoru„substitutedheterocycle,p^erab,yi„doylsubstitutedwith^^^^^ 



30 



, and 



(R^)c 



when 



Arl and Ar2 are independenUy selected from hydrogen, and Ci-Cealkyl- 
or rC are Ll-Arl or L2.Ar2; 



35 



Ar3 is selected from the group 

Ar3 is selected from hydrogen, and Ci-Cealkyl; 



-6- 
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whenR^isL^-Ar^; 

Ar^ together with a, Ar^ together with b and Ar^ together with c, each pair together 
with the carbon to which they are attached may independently form a 5 or 6 member 
carbocyclic ring; 

5 a, b and c are independently selected from hydrogen, and Ci-Cgalkyl; 

n and o are independently 1, 2 or 3; 

l1 is selected from -CH2-O, -CH2-CH2-O-, -CH2-CH2-, and -CH2-CH2-CH2-; 

and are independently selected from a covalent bond, -O, -O-CH2-, -N(R^)-Q, 

andL^; 

10 Q is selected from the group -L^-, -S(=0)2-l2-, -C(=0)-, -C(=0)-0-, -CH(X)-, and 

<:H(X).CH2-; 

is selected from the group Co-C3alkyl-heterocycle where the heterocycle comprises 
a mono-, bi-, or tricycle containing 5-12 ring atoms, one or two of which are heteroatoms 
selected from S, and N, provided at least one heteroatom is N, where any N atom is 
15 optionally substituted with r1, Co-Cealkyl substituted with one or two substituents selected 
from the group NR^rS, imidazolinyl, pyridinyl, dihydropyridinyl, and piperidinyl; 

R^, rC and rD are selected from Ae group r\ O-At^, L^-At^, hydrogen, Ci-C6alkyl, 
and halo{F, CI Br, I)Ci-C6alkyl; 

rA and R^ together with the N to which they are bonded may form a 5- or 6-member 
20 heterocycle, optionally containing one additional heteroatom selected from O, S, and N where 
any N is optionally substituted with R^, any carbon is optionally substituted with R^ and 
where the heterocycle is optionally fused to a phenyl ring, optionally substituted with R^; 

r1 is selected from hydrogen, Ci<:6alkyl, C(=0)-Ci-C6alkyl, C(=:0)-NR2r3 C(=Nr2). 
NR2r3, C(=0)0-Ci-C6alkyl, and halo(F, CI, Br, I)Ci-C6alkyl, hydroxyCi-Cealkyl, 
25 dihydroxyCi-Cealkyl; 

r2 and r3 are independently selected from Rland piperidinyl; 

r2 and together with the N to which they are bonded may form a 5- or 6-member 
heterocycle, optionally containing one additional hetero atom selected from O, S, and N where 
any N is optionally substituted with r1, any carbon is optionally substituted with R^ and 

30 where the heterocycle is optionally fused to a phenyl ring, optionally substituted with R^; 

R^ and R^ are independently selected from the group hydrogen, halo(F, CI, Br, and I), 
cyano, amino, amido, nitro, hydroxy,Ci-C6alkyl optionally substituted with 1-3 R^, C2- 
C6alkynyl optionally substituted with 1-3 R^, Ci-Cealkyloxy optionally substituted with 1-3 
R^, Ci-Ceacylamino optionally substituted with 1-3 R^, Ci-Cealkylcarbonyl optionally 

35 substituted with 1-3 R^, Ci-Cealkyloxycarbonyl optionally substituted with 1-3 R^, N-(Ci- 
C6alkyl)JM-(Ci-C6acyl)amino optionally substituted with 1-3 R^, N-(Ci-C6alkyl)carboxamido 
optionally substituted with 1-3 R^, N,N-di(Co-C6alkyl)amino optionally substituted with 1-3 
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subsfttuted with a group selected from L2.Ar2,RA„dR6; P "•"y 

10 Y is selected from the group -fC=0>.RA n r-^.iL. i u . 

B p l-- <->) K , Ci-C6alkyl substituted with 1-2 r7 Ct- 
<-«allc5myl optionaUy substituted with C^-C^ll™-,..! ^ .. , 

f ^ II. . '-2-C6«Jkyenyl optionaUy substituted with 1-2 S7 

and Ci-C6alkyk»y optionally subshtuled with 1-2 R? 

Y and RD ,„g«Her with the N to which they'are b«,ded .nay (orm a 5- or ^n^be, 
heter^de. ,pt.on.„y co^ai.^ „„. ..^^ 

Where the heterocyde is optionally fused to a phenyl ring; 

Z is selected from the group Ci-Cgalkyl substituted with 1-2 R? C2-C^alkvnvl 
optionally substihited with 1-2R7 ro r-,,iu , w k , (_2 Cealkynyl 

f y with 1 2R , C2-C6alkyenyl optionally substituted with 1-2 r7 Ci- 

Cealkyloxy optionally substituted with 1-9 p7 . ^ ^ 

20 acceptabfesltsth^eo, ^ " P.Per.d.nyl; and pham,aceu.icai,y 

between4,^:iZ!^"'°''^'"'^"'^""'^~'^'-'-™^^ 
oetween 400-650 da and IS represented by formula n 




where the symbols in formula n are defined as follows: 
25 ^^^'iArZ are each independenUy selected from indoyl (^"'^'^ 

H:(R^)n 

and fo . 
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n and o are independently 1, 2 or 3; 

Ll is selected from -CH2-O-, -CH2-CH2-O-, -CH2-, -CH2-CH2-, and -CH2-CH2-CH2-; 
l2 is selected from a covalent bond, -0-, and L^; 

RA is selected from the group Co-C3alkyl-heterocycle, -OCo-Caalkyl-heterocycle, and 
5 -NR2.C2-C6alkyl -heterocycle, where the heterocycle comprises a mono-, bi-, or tricycle 
containing 5-12 ring atoms, one or two of which are heteroatoms selected from O, S, and N, 
provided at least one heteroatom is N, where any N atom is optionaUy substihited with r1, Cq- 
Cealkyl substituted with one or two substituents, 0-C2-C6alkyl substituted with one or two 
substituents, and NR2.C2-C6alkyl substituted with one or two substituents where the 
10 substituents are selected from the group NR2r3, imidazolinyl, pyridinyl, dihydropyridinyl, 
and pipezidinyl; 

RB and rC are selected from the group hydrogen, Ci-Cealkyl optionally substituted 
with a group selected from NR2r3 and phenyl-Ci-C3-NR2R3, ^^d halo(F, CI, Br, I)Ci-C6alkyI; 
Rl is selected from hydrogen, Ci-Cealkyl, C(=0)-Ci.C6alkyl, C(=0)-NR2r3 C(=Nr2)- 
15 Nr2r3, C(=0)0-Ci-C6alkyl, and halo(F, CI, Br, I)Ci-C6alkyl. d-Cgalkoxyalkyl or 
(hydroxylalkyi); 

R2 and r3 are independently selected from hydrogen, Ci-C6alkyl, piperidinyl, and 
halo(F, a, Br, I)Ci-C6alkyl; 

R2 and r3 together with the N to which they are bonded may form a 5- or 6-member 
20 heterocycle, optionally containing one additional hetero atom selected from O, S, and N where 
any N is optionaUy substituted with r1, any carbon is optionally substituted with r6 and 
where the heterocycle is optionaUy fused to a phenyl ring, optionaUy substituted with R*; 

R4 and r5 are independently selected from the group hydrogen, halo(F, CI, Br, and I), 
cyano, amino, amido, nitro, hydroxy, Ci-CeaUcyl optionally substituted with 1-3 r6, C2- 
25 C6alkynyl optionally substihited with 1-3 r6, Ci-CeaUcyloxy optionaUy substihited with 1-3 
r6 Ci-C6acylamino optionally substituted with 1-3 r6, Ci-Cealkylcarbonyl optionally 
substituted with 1-3 r6, Ci-Cealkyloxycarbonyl optionaUy substituted with 1-3 r6 N-(Ci- 
C6aUcyl)>I-(Ci-C6acyl)amino optionaUy substituted with 1-3 r6 N-(Ci-C6aIkyl)carboxamido 
optionaUy substihited with 1-3 r6, N,N-di(Co-C6aUcyl)amino optionaUy substituted with 1-3 
30 r6 N,N-di(Ci-C6alkyl)carboxamido optionaUy substihited with 1-3 R^ Ci-QperfluoroaUcyl, 
and Ci-C3perfluoroalkoxy; 

R6 is selected from the group C00R2, 0(C=0)R2, CONr2r3, cyano, NR2r3 
NR2cOR3, azido, nitro, and hydroxy; 

X is selected from the group hydrogen, 0x0 (=0), C00R2, CONr2r3, Co-C6alkyl-0- 
35 Ci-C6aUcyl optionaUy substihited with 1-2 r6, and Ci-CeaUcyl optionaUy substihited with 1-2 
R^; and pharmaceuticaUy acceptable salts tiieieof . 

Alternative compounds of tfus embodiment may be represented by formula Ila-IIg 
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where Arl, Ar2, rB, rC r1^ r2 r3 r6 q and X are defined above, and p is 0, 1 or 2. 
OptionaUy the Ar^, Ar^, rB, rC r1^ r2 r3 r6 and X are defined as foUows: 

Ar^ and Ar^ are each independently selected from indoyl, and ^ ^ 
5 rB and rC are selected from the group hydrogen, and methyl; 

r1 is selected from hydrogen, Ci-Cealkyl, C2-C6alkyl substituted with 1 or 2 hydroxy 
groups, C(=0)-Ci<:6alkyl, C(=0)-NR2r3 C(=NR2).NR2r3 C(=0)OCi.C6alkyl, and halo(F, 
a, Br, I)Ci-C6alkyl; 

r2 and r3 are independently selected from hydrogen, Ci-Cealkyl, piperidinyl, and 
10 halo(F, a, Br, I)Ci-C6alkyl; 

r2 and r3 together witti the nitrogen to which Aey are attached may form piperidinyl, 
pyrroylidinyl, piperazinyl, and morpholinyl; 

R6 is selected from the group C00R2, 0(C»0)R2, CONR2r3, cyano, NR2r3, 
NR2cOR3, azido, nitro, and hydroxy; 
15 X is selected from the group hydrogen, oxo (=0), COOR^, CONR2r3 CQ-Cealkyl-O- 

Ci-C6alkyl optionally substituted with 1-2 R^, and Ci-C6alkyl optionally substituted with 1-2 
R^; and pharmaceutically acceptable ssdts thereof. 

In an alternative embodiment of the invention the compound is represented bv 
structural formula Ill-IIIi 

Ar^ 

O ^L' O 

O 2l rD 
ni 
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I o 



35 
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Ar2 



O ^ O 
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.N 
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nig 
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^ O 

Illh 

Ari 

-^N^ o ; 

nii 

where the symbols in formula m-IUi are defined as follows: 

Ari and Ar2 are each independently selected from indoyl, (R )n ^^^ 



I 



>=^(R")n 



n and o are independently 1, 2 or 3; 

l1 and l2 are independently selected from -CH2-O-, -CH2-CH2-CH2-O. -CH2-, -CH2- 
CH2-, and -CH2-CH2-CH2-; 

-13- 
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RA is selected from the group CtHZgalkyl-heterocyde, -CKTo-Csalkyl-heterocycIe, and 
-NR -C2-C6alkyl -heterocyde, where the heterocycle comprises a mono-, bi-, or tricycle 
containing 5-12 ring atoms, one or two of which are heteroatoms selected from O, S and N 
provided at least one heteroatom is N, where any N atom is optionaUy substituted with Rl, Cq- 
5 Cgalkyl substituted with one or two substituents, 0<:2-C6alkyl substituted with one or two 
substituents, and NRZ-Cz-Cfialkyl substituted with one or two substituents where the 
substituents are selected from the group NR2r3 i„udazolinyl, pyridinyl, dihydropyridinyl, 
and piperidinyl; 

RB, RC and rD are selected from the group hydrogen, Cj-Cealkyl optionally 
10 substituted with a group selected from Nr2r3 and phenyl-Ci-C3-NR2R3 halo(F. CI Br 
I)Ci-C6alkyl; ' ' 

Rl is selected from hydrogen, Ci-Cgalkyl, C(=0)-Ci-C6alkyl, hydroxyalkyl C(=0)- 
NR2r3, C(=NR2).nr2r3 C(=0)0-Ci-C6alkyl, and halo(F, CI, Br, DCi-Qalkyl; 

R2 and r3 are independently selected from hydrogen, Cj-Cgalkyl, piperidinyl. and 
15 halo(F, CI, Br, I)Ci-C6alkyl; 

R2 and r3 together with the N to which they are bonded may form a 5- or 6-member 
heterocycle, opHonally containing one additional hetero atom selected from O, S, and N where 
any N is optionally substihited with r1, any carbon is optionally substituted with r6 and 
where the heterocycle is optionally fused to a phenyl ring, optionaUy substituted with r4; 

R4 and r5 are independently selected from the group hydrogen, halo{F, CI, Br, and I), 
cyano, amino, amido, nitro, hydroxy,Ci-C6alkyl optionaUy substituted with 1-3 r6, C2- 
CfiaUcynyl optionally substihited with 1-3 r6, Cj-CfiaUcyloxy optionaUy substituted with 1-3 
r6, Ci-Ceacylamino optionaUy substituted with 1-3 r6, Ci-CeaUcylcarbonyl optionaUy 
substituted with 1-3 r6, Cj-CeaUcyloxycarbonyl optionaUy substituted with 1-3 r6 N-(Ci- 
C6aUcyl),N-(Ci-C6acyl)amino optionaUy substihited with 1-3 r6 N-(Ci-C6alkyl)carboxamido 
optionaUy substituted with 1-3 r6 N,N-di(Co-C6alkyl)amino optionaUy substihited with 1-3 
R6, N,N-di(Ci-C6alkyl)carboxamido optionally substihited with 1-3 r6 Ci-Qperfluoroalkyl, 
and Ci-Csperfluoroalkoxy; 

r6 is selected from the group C00R2 0(C=0)R2, CONR2r3, cyano, NR2r3, 
30 NR2cOR3, azido, niti-o, and hydroxy; 

r7 is selected from the group r6, and C6-Cioaryl optionally substituted with halo(F, 
CI, Br, and I), cyano, amino, amido, nitro, hydroxy, Ci-C4perfluoroalkyl, and Ci- 
Csperfluoroalkoxy; 

Y is selected from the group Ci-Cealkyl substituted with 1-2 r7, C2-C6alkynyl 
35 optionaUy substihited with 1-2R7 C2-C6aUcyenyl optionally substihited with 1-2 r7 and Ci- 
Cealkyloxy optionaUy substihited with 1-2 r7, and phaimaceuticaUy acceptable salts thereof. 
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In a further alternative embodiment of this invention the compound is represented by 
structural formula IV 



10 



O { pP O 




R 

R^ 6 I 

IV 

where tiie symbols of formula IV are defined as follows: 

Afl and Ar2 are each independently selected from indoyi, , and 



Ar^ is selected from the group ^ '° , and \" /n . 

n and o are independently 1, 2 or 3; 

RA is selected from the group Co-Caalkyl-heterocycle, -CWZo-Csalkyl-heterocycle, and 
-NR2-C2-C6alkyl -heterocyde, where the heterocycle comprises a mono-, bi-, or tricycle 
containing 5-12 ring atoms, one or two of which are heteroatoms selected from O, S, and N, 
provided at least one heteroatom is N, where any N atom is optionally substituted with r1, Cq- 
Cealkyl substituted with one or two substituents, 0-C2-C6alkyl substihited with one or two 
substitiients, and NR2-C2-C6alkyl substituted with one or two substituents where the 
15 substitiients are selected from the group NR2r3, imidazolinyl, pyridinyl. dihydropyridinyl 
and piperidinyl; 

RB, RC, rD, and rE are selected from the group hydrogen, Ci-Cealkyl optionally 
substituted with a group selected from NR2r3, and phenyl-Ci-C3-NR2R3, and halo(F, CI, Br, 
I)Ci-C6alkyl; 

20 is selected from hydrogen, Ci-Cealkyl, C(=0)-Ci-C6alkyl, C(=0)-hydroxyalkyl 

NR2r3 C(=NR2).NR2r3 C(=0)0.Ci-C:6alkyl, and halo{F, a, Br, I)Ci-C6alkyl; 
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R2 and r3 are independently selected from hydrogen, Ci-Cfialkyl, piperidinyl. and 
halo(F, CI, Br, I)Ci-C6alkyl; 

r2 and r3 together with the N to which they are bonded may form a 5- or S-member 
heterocyde, optionally containing one additional hetero atom selected from O, S, and N where 
5 any N is optionaUy substituted with r1, any carbon is optionaUy substihrted with r6 and 
where the heterocyde is optionally fused to a phenyl ring, optionaUy substituted with r4; 

R4 and r5 are independently selected from the group hydrogen, halo(F, Q, Br, Ind I) 
cyano, ammo, amido, nitro, hydroxy,Ci-C6alkyl optionally substituted with 1-3 r6 C2- 
C6alkynyl optionaUy substiti,ted with 1-3 r6 Ci-C6alkyloxy optionaUy substihzted with 1-3 
10 R ,Ci-C6acylamino optionally substituted with 1-3 r6, Ci-Cealkylcarbonyl optionally 
substituted with 1-3 r6 Ci-CgaUcyloxycarbonyl optionally substituted with 1-3 r6 N-(Ci- 
C6alkyl)JsJ.(Ci-C6acyl)amino optionaUy substitiated with 1-3 r6 N-(Ci-C6alkyl)carboxamido 
optionally substituted with 1-3 r6 N,N-di(Co-C6alkyl)amino optionally substituted with 1-3 
R , N.N.di(Ci-C6aUcyl)carboxanudo optionaUy substitiited with 1-3 r6 Ci-C4perfluoroalkvI, 
15 and Ci-C3perfluoroalkoxy; 

R6 is selected from the group C00r2 0(C=0)R2 CONr2r3, cyano, Nr2r3 
NR2cOR3, azido, nitro, and hydroxy; 

R7 is selected from the group r6 Q-Cioaryl optionaUy substitiited with halo(F, CI Br 
arid I), cyano, amino, amido, nifro, hydroxy, d-QperfluoroaUcyl, and Cj-Caperfluoroalkoxy; 

Z is selected from the group Ci-Cealkyi substituted with 1-2 r7 C2-C6alkynyl 
optionaUy substitiited with 1.2R7 Cz-CfiaUcyenyl optionally substitiited with 1-2 r7 and Q- 
Cealkyloxy optionally substituted with 1-2 r7 

Z and rE togetiter with the N to whidi they are bonded may form a 5- or 6-member 
heterocyde, optionally containing one additional hetero atom selected from O, S. and N where 
any N is optionally substitiited with r1, any carbon is optionaUy substitiited with r7 and 
where the heterocyde is optionaUy fused to a phenyl ring; and pharmaceuticaUy acceptable 
salts thereof. 

An optional compound of this embodiment is represented by sfruchiral Formula (IVa) 



20 
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,R.N^ rb S \ h V 

Ar2 



IVa 
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where the symbols in formula IVa are defined as follows: 

R^, rD and rE are selected from the group hydrogen, and Ci-Cealkyl; 



Ar^ and Ar^ are each independently selected from indoyl, and ^ 



% % // \— >n4 

Ar^ is selected from the group ^""^^ ,and " ; 

5 rF is selected from the group OH, Ci-C4alkyloxy, Nr5r6^ and 1 to 4 a-amino acid 

residues; 

R4 is selected from hydrogen, halo(F, CI Br, and I), cyano, amino, amido, nitro, 
hydroxy, Ci-Qalkoxy, Ci-C4perfluoroalkyl, artd Ci-C3perfluoroalkoxy; 

r5 and R^ are independently selected from hydrogen, and Ci-Cealkyl; and 
10 pharmaceutically acceptable salts thereof. 

In still another embodiment of this invention the compoimd is referred to as a 
"retroinverso" of the compound of formula U and is represented by formula V 

^L' O 

" Ar2 



where Ar^, Ar2, L^, l?-, rA, rB^ rC ^^d X are defined above for the compound of 
15 formula 1. 

The invention further comprises a pharmaceutical composition comprising a 
pharmaceuticaUy acceptable excipient and any of the compounds represented by structural 
formula I-V. Additionally the invention provides a method for increasing the level of 
endogenous growth hormone in a mammal comprising administering to the mammal a 
20 pharmaceutically effective amount of the forgoing composition to the mammal. The method 
further comprises administering the composition in combination with a growth factor selected 
from; growth hormone releasing hormone (GHRH), insulin like growth factor-l (IGF-1), and 
insulin like growth factor-2 (IGF-2). In an alternative method of this invention GHRPs 
represented by formulae I-V, as well as other GHRP s, are used in combination with IGF-1 to 
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^eat diseases in which long term IGF-1 is indicated including but not limited to Type II 
diabetes. 



20 



25 



30 



35 



BRIEF DESCRIPTION OF THE HGURES 
5 FIGURE 1. A cartoon showing regulation of growth hormone (GH) release by the "pituitary- 
hj^thalamus axis" and the alternative "GHRP pathway". Some of the stimulatory (.) and 
mhibuory (-) effects that growth hormone releasing hormone/factor (GHRH/F), growth 
hormone releasing peptides/peptidomimetics (GHRP s), somatostatin (SS). GH, and insulin- 
UkegrowthfactoriaGF-l)haveonselectedglands,organs,andtissuesarealsoshown^ 

HGURE 2. A representative rat "pit" cell assay dose response of GH release over a 15 min 
e^osure to increa«ng concentrations of (inip)-bbFK-NH2. GH release is significantly (P < 
0.05) mcreased at 0.3 nM and reaches a plateau by 1 nM with an EC50 of 0.16 nM ( Jright 
P^el for data points and curve used to calculate EC50) - Ihe mean (n=3) EC50 for inip-bbFK- 
NH2 was 0.18 ± 0.04 nM, over 30-foId more potent than HwAWfK.NH2 ("GHRP-e") (6 2 ± 1.5 
nM; n=5). 

FIGURE 3. Demonstration that (inip)-bbFK-NH2 acts at the proposed "GHRP receptor". Rat 
cLT^^r^' "'"^ combinations of GHRP-6, (inip,-bbFK.NH2 and 

GHRH. GHRP-6 and (inip)-bbFK-NH2 (100 nM) both caused 3.fold increases in GH levels over 
control (ctrl) butno additional or syner^^ 

(sol^black bars). In contrast, both GHRP-6 and (inip)-bbFK-NH2 show synergy with lOnM 
GHRH mdacatmg that neither GHRP.6 nor (inip)-bbFK-NH2 act via the GHRH receptor (cross 
hatched bars). 

FIGURE 4. Desensitization effect of the "GHRP receptor" upon challenging rat pituitary cells 
mth three sequential 15 min. incubations with fresh (inip)-bbFK-NH2. Tt.e GH release was 
decreased after the second 15 min. incubation (total 30 min. exposure to (inip)-bbFK-NH2) and 

ll^^'^T '^'^ ^"^""^ ^^^'^^ "^'""^^ '^^^^ (inip)- 
bbFK-NH2- However when GHRH (10 nM) was added to the next 15 min. incubation a 

significant GH response occurred, consistent with the separate receptor model. 

FIGURE 5. Somatostatin suppression of GHRP-stimulated GH release. (lnip)-bbFK-NH2 at 
0.1, 1, lOand 100 nM significantly elevates GH release (soUd black bars). Coincubation of 
(mip).bbFK-NH2 with 20nM somatostatin suppressed this release (crosshatched bars). 

FIGURE 6. Antagonism of (inip)-bbFK-NH2 induced GH release in the absence (soHd black 
bars) and presence of 10 nM of the "GHRP-6" antagonist HwkWfK-NH2 (crosshatched bars). 
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FIGURE ?• Specificity for GH release compared to prolactin release induced with (inip)-bbFK- 
NH2- GH and prolactin leveb in the same media from cells challenged with 100 nM (inip)- 
bbFK-NH2. GH release was Mold while prolactin levels increased 1.6 fold. 

5 

FIGURE 8. TSH, FSH and LH release induced with (inip)-bbFK-NH2. Pituitary cells 
challenged with (inip)-bbFK-NH2 had no effect on these hormone concentrations. 

FIGURE 9. ACTH release induced with corticotrophin releasing factor (CRF) or (inip)-bbFK- 
10 NH2. ACTH levels rose 3-fold when stimulated with CRF but no significant change was 
observed with 100 nM (inip)bbFK-NH2. 

FIGURES lOA-lOD. Ca++ release in pituitary cells by (inip)bbFK-NH2. Basal Ca"^"*- in IndoM 
AM loaded pituitary cells after 4-day monolayer culture (Figure lOA and Figure IOC). Twenty- 
15 one (21) seconds after (inip)bbFK-NH2 addition, the increased Ca++ flux in Figure lOD is 
demonstrated by lighter areas in some of the cells of this heterologous population. Addition of 
vehicle did not change Ca'*''*' levels (Figure lOB). 

FIGURE 11. Dose dependent GH release with (inip)bb(feg). GH release by rat pituitary cells to 
20 increasing concentrations of (mip)bb(feg) (left panel) over a 15 minute incubation. Right panel 
shows data points and curve used to calculate the EC50 of 0.09 nM. 

FIGURE 12. Demonstration that (inip)bb(feg) acts at the proposed "GHRP receptor *. GH 
response to GHRP-6 (lOOnM) and (inip)bb(feg) (100 nM) was significantly greater than control 
25 but GH release was not S}mergistic when both were added in combination. GHRH (100 nM) 
elicited a mild GH response which was synergistic in combination with either GHRP-6 or 
(inip)bb(feg). 

FIGURE 13. Somatostatin suppression of (inip)bb(feg)-stimulated GH release. GH release 
30 with 100 nM (inip)bb(feg) was totally suppressed in the presence of 20 nM somatostatin. 

FIGURE 14. Desensitization of the "GHRP receptor" upon challenging rat pituitary cells with 
three sequential 15 min. incubations with fresh (inip)bb(feg). GH release from the same 
pituitary cells over three sequential 15 minute incubations with (iiup)bb(feg) (100 nM). After a 
35 total of 45 minutes, GH release was markedly decreased in response to (inip)bb(feg) but these 
cells were able to release more GH in response to a final 15 minute incubation with GHRH (10 
nM). 
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HGU«E,5. Dos. dependent GH„l«se Witt, (i„ip,b<„„„. GH «ie«. by «,pH„i„^ceU.» 
shows the data po„B»d curve used loclcutatt the EC50 or 3.9 riH. 

5 D'm°ns.,,H„„tha.,i„,p,b,„„,,,,,.,,,h.p.„p<«edXHRP..c.p^^^ GH 

^ ^ GHRP. „»„M, end ,lnip,b(„o„ „«, nM, sign^cnU, L conL" 

but GH „„ .y^^ti, „^ ^ c»nbi«idon. GHRH (100 nM) 
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TOURE W. S<™to.u«.«wres«onof(inip)b(„oIH«m„U.edGH„I««. GH «fe.s. to 
100„M,™p,b(woI,„„.«.Sy«,pp^^^p^^,^_^^^^^^^ 

nOURE «. D.«„,tti«i„„ e«ec. Of U» -GHRP «^o,- upon cha^enging pi.„«,^ 

^o, « nu„„.«, no ^g^„. ^ ofCH *.e,v«. in response to (i„ip,b,„o,) bu. 
cells w.„ able to^leeseGHin response to.a™, ,5 nUnuteincubationwit^CMRHao 

F.GURE BcKiy weigh, gain ^ „<,^^ ^ „^ ^ ^^^^ ^ 

squares), three doses of (inip)bbFK-NH2 (4 „g/d open circles 20 J . 

U-/J f „ J J. J , ^ circles, 20 |ig/d open triangles, 100 

Mg/d half-Med diamonds,, or »,e dose of GHRH (600 Mg/d, filUd squares); deUvery «^ by 
subcutaneous minipump inftision for 14 days, -mere „„ , dose-related weigh, gain L 
«.,»n^ to (inip) b b P K-NH2. that a. 20 .g/d reached .he response to GHRH. Mel and 

Standard errors are shown. 

FIGURE 20. Body weigh, gain in nonnal adul, female rate .r.a.ed for 14 days witt, e«ipien. 

(^ba,, .wodosesof(inip)bbFK.h«2give„subcuu„eo„s,y by injecSc^ (Shaded bar^™ 
^g/d; soUd bar. 20 Mg/d) or infusi^i (hghdy ha.ched bar, 100 .g/d; heavUy ha.ched bar 20 
Mg/d). Injecdons of (inip) b b F K.NH2 were i».re effecHve dian infusions. Means and 
Standard errors are shown. 

HGURE 21. Body weight gain in nom^al adult female rats treated for 14 days with excipient 
(open squares), or (inip) b b F K-NH2 given by subcutaneous injection (100 .g/d- open 
triangles) or infusion (100 ,g/d; open circles). Injections of (inip) b b F K-NH2 produced a 
mau^tained growth response; infusions gave a large initial response that was not maintained 
Means and standard errors are shown. 
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FIGURE 22. Body weight gain in lean (open circles) and obese Type n Zucker Diabetic Fatty 
(ZDF) male rats treated subcutaneously for 24 days with exdpient (soUd circles), recombinant 
human growth hormone (rhGH, large open squares, 500 \ig/d), recombinant human insulin- 
5 like growth factor-l (rhlGF-l, small squares, 758 Mg/d), (inip) b b F K.NH2 given by injection 
(100 \ig/d; open triangles), the combination of rhGH plus rhIGF-1 (solid squares), or the 
combination of rhIGF-1 plus (inip) b b F K-NH2 (soUd triangles). The combination of (inip) b b 
F K-NH2 plus rhIGF-1 produced a maintained growth response equal to that of rhIGF-1 plus 
rhGH. Means and standard errors are shown. 

10 

FIGURE 23. Body weight gain in obese Type n Zucker Diabetic Fatty (ZDF) male rats treated 
subcutaneously for 7 days with excipient (solid circles), recombinant human insulin-like 
growth factor-1 (rhIGF-1, open circles, 758 ng/d), (inip) b b F K-NH2 given by injection (100 
Hg/ d; open triangles), or the combination of rhIGF-1 and (inip) b b F K-NH2 (solid triangles). 
15 The combination of (inip) b b F K.NH2 plus rhIGF-1 produced a maintained growth response 
that was at least additive compared to each agent given alone. Means and standard errors are 
shown. 



FIGURE 24. Basal blood glucose levels obtained weekly in lean (smaU squares) and obese Type 
20 II Zucker Diabetic Fatty (ZDF) male rats treated for 3 weeks subcutaneously with excipient 
(controls, soUd circles), recombinant himum growth hormone (rhGH, open squares, 500 ^g/d), 
recombinant human insuUn-like growth factor-1 (rhIGF-1, open circles, 758 Mg/d), (inip) b b F 
K-NH2 given by injection (100 Hg/d; open triangles), or the combination of rhGH and rhIGF-1 
(solid squares), or the combination of rhIGF-1 and (inip) b b F K-NH2 (solid triangles). When 
25 given alone, or in combination with rWGF-l, (inip) b b F K-NH2 had lesser effect on blood 
glucose (diabetogenic effect) than rhGH at doses with similar somatogenic effects (Fig. 22). 
Means and standard errors are shown. 



FIGURE 25. Blood glucose concentrations following an intravenous insulin challenge (insulin 
30 tolerance test) in lean control male rats (open bar), obese Type II Zucker Diabetic Fatty (ZDF) 
rats treated subcutaneously with excipient (solid bar), recombinant human growth hormone 
(rhGH, light left-right ascending hatching, 500 ^g/d), recombinant human insuIin-Hke growth 
factor-1 (rMGF-l, light shaded bar, 758 |ig/d), (inip) b b F K-NH2 given by injection (100 jig/d; 
light left-right descending hatching), or the combination of rhGH and rhIGF-1 (heavy left-right 
35 ascending hatching), or the combination of rhIGF-1 and (inip) b b F K-NH2 (heavy left-right 
descending hatching). When given alone, or in combination with rhIGF-1, (inip) b b F K-NH2 
had a greatly reduced effect on insulin sensitivity (diabetogenic effect) than rhGH at doses with 
sinular somatogenic effects (Fig. 22). Means and standard errors are shown. 
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HGURE 26. Daily body weight gains in no^al adult female rats treated for 7 davs with twice 
daUy subcutaneous injections of excipient (open squa«s), growth hormone releasmg hormc«,e 
opentriangles),HwAWfK(soUdsquares),(inip)bbF.NH2(opencirdes),(ini^^ 
(sohd Circles), or L-692385 (solid triangtes). Significant weight gain occurred after treatment 
with all molecules except L-692^. Means and standard errors are shown. 

FIGURE 27. Total body weight gain in normal adult rats treated for 7 days with twice daily 
subcutaneous injections of excipient (soUd bar), infusions of recombinant human insulin-like 
growth factor-1 (rhIGF-1, broad hatching), or the combinations of rhIGF-1 plus growth 
hormone releasing hormone (light shading), H w A W f K plus rhIGF-1 (narrow hatching) 
(inip) b b F .NH2 plus rhIGF-1 (open bar), (inip) b nmb bam plus rhIGF-1 (dark shading), or L- 
692385 plus rhlGF-l (horizontal lines). Weight gains tended to be greater after combination 
treatment. Means and standard errors are shown. 

DETAILED DESCRIPTION OF THE INVENTION 

A. Definitions 

Terms used in the claims and specification are defined as set forth below unless 
Otherwise specified. 

The terms growth hormone releasing hormone (GHRH) or factor (GHRF/GRF) are 
used interchangeably and refer to the endogenous hypothalamic GH secretagogue, from any 
species, having the capability of binding to the pititutary somatotroph and inducing a rapid 
dose-dependent release of GH and biologically active analogs thereof. Included in this 
definition are; GHRH(l-44), GHRH(1.43), GHRH(1.40), and GHRH(l-29). Other examples of 
GHRH analogs are described in U. S. patent no. 4,622312. 

H-Tyr-Ala-Aap-Ala-De-Phe-Thr-Asn-Ser-Tyr-Arg-Lys-Val-Leu-Gly- 

20 25 30 

Gln-Lcu-Scr-Ala-Arg-Lys-Leu-Leu-Gln-Asp-Ile-Met-Ser-Arg-Gln- 
31 35 40 44 

Gln-Gly-Glu-Ser-Asn-Gln-Glu-Arg-Gly-Ala-Arg-Ala-Arg-Leu-NHa 
Growth Hormone Releasing Hormone 
(GHRH) 

The term somatostatin (SS) refers to the inhibitory hypothalamic tetradecapeptide 
capable of antagonizing in a dose^lependent manner the GH-releasing effect of GHRH. 
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1 5 
H-Ala-Gly-Cys-Lys-Asn-Phe-Phe-Trp 



:|s-Lys-Asn-Phe-Phe-1r 

Cys-Scr-Thr-Phe-Thr-Lys 
14 10 



Somatostatin 
(SS) 



As used herein, "IGF-1" refers to insulin-like growth factor from any species, including 
bovine, ovine, porcine, equine, avian, and preferably himian, in native-sequence or in variant 
form, and from any source, whether natural, synthetic, or recombinant. Preferred herein for 
5 animal use is that form of IGF-1 from the particular species being treated, such as porcine IGF-1 
to treat pigs, ovine IGF-1 to treat sheep, bovine IGF-1 to treat cattle, etc. Preferred herein for 
himian use is human native-sequence, mature IGF-1, more preferably without a N-terminal 
methionine, prepared, for example, by the process described in EP 230,869 published Aug. 5, 
1987; EP 128,733 published Dec, 19, 1984; or EP 288,451 published Oct. 26, 1988. More 
10 preferably, this native sequence IGF-1 is recombinantly produced and is available from 
Genentech, Inc., South San Francisco, Calif, for clinical investigations. Also preferred for use is 
IGF-1 that has a specific activity greater than about 14,000 units/mg as determined by 
redioreceptor assay using placenta membranes, such as that available from KabiGen AB, 
Stockholm, Sweden. 

1^5 The most preferred IGF-1 variants are those described in U.S. Pat. No. 5,077,276 issued 

Dec, 31, 1991, in PCX WO 87/01038 published Feb. 26, 1987 and in PCX WO 89/05822 
published Jun. 29, 1989, i.e., those wherein at least the glutamic acid residue is absent at 
position 3 from the N-terminus of the mature molecule or those having a deletion of up to five 
amino acids at the N-terminus. The most preferred variant has the first three amino acids from 

20 the N-terminus deleted (variously designated as brain IGF, tIGF-1, des(l-3) IGF-1, or des-IGF- 
1). 

The term "GHRF' as used herein refers to compounds that cause release of endogenous 
GH in a dose-dependent manner, where such release is synergized by GHRH but not by other 
GHRP's such as GHRP-6, and where such release causes a desensitization after continuous 
25 exposure to the GHRP while maintaining the ability to respond to GHRH. 

The term "Cn-Cmalkyl" means a cyclic or linear, branched or unbranched, saturated 
aliphatic hydrocarbon radical, having the number of carbon atoms specified, where m and n are 
zero or integers identifying the range of carbon atoms contained in the alkyl group. When n is 
zero (0) the term becomes a chemical bond, usually a covalent bond. Examples of alkyl radicals 
30 include methyl, ethyl, n-propyl, isopropyl(iPr), n-butyl, iso-butyl, sec-butyl, tert-butyl(tBu), n- 
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pentyl 2-methylbutyl, 2;Z-du„ethylpropyl, n-hexyl, 2.methylpentyl, 2,2-dimethvlbutyl, n- 
heptyl, 2-methylhexyl, cydohexyl, and the like. The terms "lower alkyl" and "Ci-CgaUcyl" are 
synonymous and used interchangeably. 

The term •Q-Cmalkenyl" means a cyclic or linear, branched or unbranched 
5 hydrocarbon radical containing at least one carbon<arbon double bond, having the number of 
carbon atoms specified, each double bond being independently cis, trans, E or Z, or a non- 
geometric isomer. 

The term "Cz-Cmalkynyl" means a cyclic or linear, branched or unbranched 
hydrocarbon radical containing at least one carbon-carbon triple bond, having the number of 
10 carbon atoms specified. 

The terms "Ci-Cizacyloxy or "Ci-Ci2alkanoyloxy " are used interchangeably and 
denote herein groups of the formula Co-Ci2alkyl-C(=0)-0- such as; formyloxy, acetoxy, 
propionyloxy, butyryloxy, pentanoyloxy, hexanoyloxy, heptanoyloxy, and the like. 

The term ••N,NKii(Co-C6)alkylamino" denotes herein groups of the formula (Cq- 
C6alkyl)2-N. where both, one or none of the hydrogen atoms of H2N- are substituted with Q- 
Cealkyl. 

•me term ••N-CCi^ZsalkyDJ^^Ci-CgacyDamino" denotes herein an amino group where 
one hydrogen is substituted with a Ci-Cealkyi group and the other hydrogen is substituted 
with a Ci-Csacyl group. 

The terms "Ci-Cealkyloxycarbonyl" and "d-Cecarboalkoxy " are used interehangeably 
herem and denote groups of the formula Ci-C6allqrKK:(^).. 

The terms "N-(Ci-C6alkyl)carboxamido" and "N-(Ci-C6alkyl)-aminocarbonyl" are used 
mterchangeably herein and denote groups of the fonnula Ci-C6alkyl-NH-C(=0)-. 

The terms "Ci-Ci2alkylcarbonyl", "Ci-Cualkanoyl" and "Ci-Cizacyl" are used 
mterchangeably herein and denote groups of the formula C(H:i2alkyl-C(-0)- and encompass 
groups such as formyl, acetyl, propionyl, butyryl, pentanoyl, hexanoyl, heptanoyl, benzoyl and 
the like. 

The term "Ci-Ceacylamino" denotes groups of the formula Ci-C6alkyl-C(=0)-NH- 
The terms "Ci-Cnalkyloxy" and "C1-C12 substituted alkyloxy " denote Ci-Ci2alkyl 
and Ci<:i2 substituted alkyl groups, respectively, attached to an oxygen which is in turn the 
point of attachment for the alkyloxy or substituted alkyloxy group to the group or substituent 
designated (e.g. CiK:i2alkylO-). n,ese include groups such as methoxy, ethoxy, n-propoxy, 
isopropoxy, n-butoxy, t-butoxy, cydohexyloxy and like groups. 

The term "aryl" when used alone means a homocyclic hydrocarbon aromatic radical 
whether or not fused, having the number of carbon atoms designated or if none are designated 
- from 6 to 14. Aromatic radicals may be mononuclear or polynuclear. Examples of aryl groups 
include phenyl, napthyl anthranyl, phenanthranyl, azulyl and the like. 
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Preferred aiyl groups include phenyl, napthyl, biphenyl, phenanthrenyl, naphttiacenyL and the 
like (see e.g. Lang's Handbook of Chemistry (Dean, J. A,, ed) 13* ed. Table 7-2 [1985]). 

Optionally the "aryl" is substituted with one or more substituents usually designated 
by a group "-R^", where n is any integer. Examples of substituted phenyl groups include 
5 mono- or di(halo)phenyl groups such as 4-chlorophenyl, 2,6-dichlorophenyl, 2,5- 
dichlorophenyl, 3,4-dichlorophenyl, 3-chlorophenyl, 3-bromophenyL 4-bromophenyl, 3,4- 
dibromophenyl, 3-chloro-4-£luorophenyl, 2-fluorophenyl and the like; mono- or 
di(hydro>cy)phenyl groups such as 4-hydroxyphenyl, 3-hydroxyphenyl, 2,4-dihydroxyphenyl, 
the protected-hydroxy derivatives thereof and the like; nitrophenyl groups such as 3- or 4- 
10 nitrophenyl; cyanophenyl groups, for example, 4-cyanophenyI; mono- or di(lower alkyl)phenyl 
groups such as 4-methylphenyl, 2,4-dimethylphenyl, 2-methylphenyl 4-(iso-propyl)phenyl, 4- 
ethylphenyl, 3-(n-propyl)phenyl and the like; mono or di(alkoxy)phenyl groups, for example, 
2,6-dimethoxyphenyl, 4-methoxyphenyl, 3-ethoxyphenyl, 4-(isopropoxy)phenyl, 4-(t- 
butoxy)phenyl, 3-ethoxy-4-methoxyphenyl and the like; 3- or 4- trifluoromethylphenyl; mono- 

15 or dicarboxyphenyl or (protected carboxy)phenyl groups such 4-carboxyphenyl; mono- or 
di(hydroxymethyl)phenyl or (protected hydroxymethyl)phenyl groups such as 3-(protected 
hydroxymethyl)phenyl or 3,4-di(hydroxymethyl)phenyl, 2,3- and 3,4-methylene dioxy; mono- 
or di(aminomethyl)phenyl or (protected aminomethyl)phenyl groups such as 2- 
(aminomethyl)phenyl or 2,4-(protected aminomethyl)phenyl; or mono- or di(N- 

20 (methylsulfonylamino))phenyl groups such as 3-(N-mettiylsulfonylamino))-phenyL Also, the 
term "substituted phenyl" represents disubstituted phenyl groups wherein the substituents are 
different, for example, 3-methyl-4-hydroxyphenyl, 3-chloro-4-hydroxyphenyl, 2-methoxy-4- 
bromophenyl, 4-ethyl-2-hydroxyphenyl, 3-hydroxy-4-nitrophenyl, 2-hydroxy-4-chlorophenyl 
and the like. Preferred substituted phenyl groups include the 2- and 3-trifluoromethylphenyl, 

25 4-fluoro or chlorophenyl the 4-hydroxyphenyl, the 2-aminomethylphenyl and the 3-(N- 
(methylsulfonylamino))phenyl groups. 

The term "arylalkyl" means one, two, or three aryl groups having the ntunber of carbon 
atoms designated, appended to an alkyl radical having the nimtber of carbon atoms designated 
including but not limited to; benzyl, napthylmethyl, phenethyl, benzyhydryl (diphenylmethyl), 

30 trityl, and the like. A preferred arylalkyl group is the benzyl group. 

The term "substituted C6-Ci2aryl-Ci-C6alkyl" denotes a Ci-Cealkyl group substituted 
at any carbon with a C6-Ci2aryl group bonded to the alkyl group through any aryl ring 
position and substituted on the Cj -Chalky 1 portion with one, two or three groups chosen from 
halogen(F, CI, Br, I), hydroxy, protected hydroxy, amino, protected amino, Ci-Ceacyloxy, nitro, 

35 carboxy, protected carboxy, carbamoyl, carbamoyloxy, cyano, Ci-Cealkylthio, N- 
(methylsulfonylamino) Ci-C6alkoxy, or other groups specified. Optionally, the aryl group may 
be substituted with one, two, or three groups chosen from halogen(especially F), cyano, 
hydroxy, protected hydroxy, nitro, Ci-C^alkyl, Ci-C4alkoxy, carboxy, protected carboxy. 
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c«t.xy..«hyl. fro,^ c.rb..y„.u.y,. hydr,xy„,«hyl. protected l.ydr„,y„e,hy, 
be the same or different. 

5 /«"P'-°''^'°™»"bsu,„«dc<K:,o«yK,<:6.ii,y,-i„dude^^ 

ph«yM-chlo,o«hyI. 2.(4-„«.ho,<ypl.eny.M,yl, 16.Uhyd™,y+phe„y«„.h.^„, 5^^,. 
n»U>oxy-2.phe„y,(„.pe„^„, 3-(2,6-dime«,yI.phe„y„„.p^^, 4^.„<.»^<^^ 

ru^""'""'^'^'^"- '^-•--'■-^x. Ph«.y«.3.„„u„,.„«Hy„.pe„.y,, 

«. *" "«'*'"««">'V hereir, „d refer .„ „y „.>^. u-. „ 

«n».ed.u».*«,ed.or,.o™«cri„gMvi„g.^„^^,„,^^.^^ ^^^^ 
W ™. n,^ „ . 5., ^ „ ,,,^.^„ ^^^^^ ^ 

h«ero.»^ .decjed .r«n .Utrogen, o^gen, „a .„«„r, preferably „ ,e«, one he..r„.,„„ u 
««.ge„ (W s cfa.„>.,^, ^^^^ ^^^^^ 

~»d.™fichyd,oc.rbonHng usually c„„,^g^ 

1 or i setected fto„ O. N. »d S. Typiclly, fte 5.n.«.ber«i ring has 0 .„ 2 double bonds and 
6- or 7.me.„be.«, ring has 0 U. 3 double bond, and 0„ nitrogen or suifur he.eroa.on. „„y 
opuonally be o^dized. ^ any ni.,og«. heteroatou. „ay optionally be s„bs.i,„,ed or 
quarter^z^i. Included in the definition .re any bicycttc groups »here any o, U,e above 
he terocyclK nng. are W, to a be„z«,e Hng. Heterocyclics in which nitrogen is the 
heteroatom are preferred. 

The foUowix^g ring systems a« examples of the heterocyclic (whether substituted or 
unsubsnn^ted) radicals der^oted by the term "heterocylic": thienyl furyl, pyrrolyl, imidazolyl 

'r?' T"^' '^-''y^' ^^^cii-ly'oxadiazoly,; 

tetrazolyl, th.atnazo,yl, oxatriazolyl, pyridy, pyrimidyl, pyrazir,yl. pyridazinyl, thiazinyl 
oxazmyl, triazinyl, thiadiazinyl, oxadiazinyl, dithiazinyl, dioxazir>yl, oxathiazir^yl, tetrazir^yl' 
th_yl, oxatriazinyl, dithiadiazir^yl, imidazolir^yl, dihydropyrimidyl, tetrahydro-' 
pyrunxdyl, tetrazolofl,5-b]pyridaziny, and purinyl, as weU as benzo-fused derivatives for 
example benzoxazolyl, benzthiazolyl, benzimidazolyl and indolyl. 

Heterocyclic 5-membe,ed ring systems containing a sulfur or oxygen atom and one to 
three mtrogen atoms are also suitable for use in the instant invention. Examples of such 
preferred groups include thiazolyl, in particular thiazol-2-yl and thiazol-2-yI N-oxide 
thiadiazolyl. in particular l,3,4-thiadiazol-5.yl and U,4-thiadiazol-5-yl, oxazolyl, preferably' 
oxazol-2-yl, and oxadiazolyl, such as l,3,4-oxadiazol-5-yl, and l,2,4-oxadiazol.5-yl. A group of 
further preferred examples of 5-membered ring systems with 2 to 4 nitrogen atoms include 
mudazolyl, preferably imidazol-2-yl; triazolyl, preferably lA4-triazol-5-yl; l,2,3-triazol-5.yI 
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1 A4-tria2ol-5-yl, and tetrazolyl, preferably IH-tetrazol-S-yl. A preferred group of examples of 
benzo-fused derivatives are benzoxazol-2-yl, benzthiazol-2-yI aitd berttiinidazol-2-yl. 

Further suitable specific examples of the above heterocyUc ring systems are 6- 
membered ring systems containing one to three nitrogen atoms. Such examples include 
5 pyridyl, such as pyrid-2-yl, pyiid-3-yl, and pyrid-4-yl; pyrimidyL preferably pyrimid-2-yl and 
pyrimid-4-yl; triazinyl, preferably 1.3,4-triazin-2-yl and l,33-triazin-4-yl; pyridazinyl, in 
particular pyridazin-3-yl, and pyrazinyl. The pyridine N-oxides and pyridazine N-oxides and 
the pyridyl, pyrimid-2-yl, pyrimid-4-yl, pyridazinyl and the 13,4-triazin-2-yl radicals, are a 
preferred group. Optionally preferred 6-membered ring heterocydes are; piperazinyl, 
10 piperazin-2-yl, piperidyl, piperid-2-yl, piperid-3-yl, piperid-4-yl, morpholino, motpholin-2-yl, 
and moTpholin-3-yl. 

An optional group of "heterocyclics" include; l,3-thia2ol-2-yl 4-(carboxymethyl)-5- 
methyl-l,3-thia2ol-2-yl. 4-(carboxymethyl)-5-methyl-l,3-thia2ol-2-yl sodium salt, 1,2,4- 
thiadiazol-S-yl, 3-methyl-l,2,4-thiadiazol-5-yl, l,3,4-triazol-5-yl, 2-methyl-13,4-triazoI-5-yl, 2- 
15 hydroxy-l,3,4-triazol-5-yl, 2-carboxy-4-methyl-l,3,4-triazol-5-yl sodium salt, 2-carboxy-4- 
methyl-lA4-triazol-5-yl. l,3-oxazol-2-yl, l,3,4-oxadiazol-5-yl, 2-methyI-l,3,4-oxadiazol-5-yI, 2- 
(hydroxymethyl)-l,3,4-oxadiazol.5-yl, lA4-oxadiazoI-5-yl l,3,4-thiadia2ol-5-yI, 2-thiol-l,3,4- 
thiadiazol-5-yl, 2-(methylthio)-lA4-thiadiazoI-5-yI, 2-amino-13,4-thiadia2ol-5-yl, IH-tetrazol- 
5-yl, l-methyl-lH-tetrazol-5-yl, l-(l-(dimethylamino)eth-2-yl)-lH-tetra2ol-5-yl, 1- 
20 (carboxymethyl)-lH-tetrazol-5-yl, l-(carboxymethyl)-lH-tetrazol-5-yl sodium salt, 1- 
(meOiylsulfonic acid)-lH-tetrazol-5-yl, l-(methylsulfonic acid)-lH-tetra2ol-5-yl sodium salt, 2- 
methyl-lH-tetrazol-5-yl, 1^3-tiiazol-5-yl, l-methyl-lA3-triazol-5-yl, 2-methyl-l,23-triazol-5- 
yl, 4-methyl-l,2,3-triazol-5-yl, pyrid-2-yl N-oxide, 6-methoxy-2-(n-oxide)-pyridaz-3-yl, 6- 
hydroxypyridaz-3.yl, l-methylpyrid-2-yl, l-methylpyrid-4-yl, 2-hydroxypyrimid-4-yl, 1,4,5,6- 
25 tetrahydro-5,6-dioxo-4-methyl-as-triazin-3-yl, l,4^,6-tetrahydro-4-(formylmethyl)-5,6-dioxo-as- 
triazin-3-yl, 2,5-dihydro-5-oxo-6-hydroxy-as-triazin-3-yl, 2,5-dihydro-5-oxo-6-hydroxy-as- 
tria2in-3-yl sodium salt, 2,5-dihydro-5-oxo-6-hydroxy-2-methyl-as-triazin-3-yl sodium salt, 2,5- 
dihydro-5-oxo-6-hydroxy-2-methyl-as-triazin-3-yl, 2,5-dihydro-5-oxo-6-methoxy-2-methyl-as- 
triazin-3-yl, 2,5-dihydro-5-oxo-as-triazin-3-yl, 2,5-dihydro-5-oxo-2-methyl-as-triazin-3-yl, 2,5- 
30 dihydro-5-oxo-2,6-dimethyl-as-triazin-3-yl, tetrazolo[l,5-b]pyridazin-6-yl and 8- 
aminotetrazolo[l,5-bl-pjaidazin-6-yl. 

An alternative group of "heterocyclics" includes; 4-(carboxymethyl)-5-methyl-l,3- 
thiazol-2-yl, 4-(carboxymethyl)-5-methyI-l,3-thia2ol-2-yl sodium salt, l,3,4-triazol-5-yl, 2- 
methyl-l,3,4-triazol-5-yl, lH-tetrazol-5-yl, l-methyl-lH-tetrazol-5-yl, l-(l-(dimethylamino)eth- 
35 2-yl)-lH-tetrazol-5-yl, l-(carboxymethyl)-lH-tetrazol-5-yl, l-(carboxymethyl)-lH-tetrazol-5-yl 
sodium salt, l-(methylsulfonic acid)-lH-tetrazol-5-yl, l-(methylsulfonic acid)-lH-tetrazol-5-yl 
sodium salt, l,2,3-triazol-5-yl, l,4,5,6-tetrahydro-5,6-dioxo-4-methyl-as-triazin-3-yl, 1,4,5,6- 
tetrahydro-4-(2-formyhnethyl)-5,6-dioxo-as-triazin-3-yl, 2,5-dihydro-5-oxo-6-hydroxy-2- 
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methyl-as-triazm-3-yl sodium salt, 2,5-dihydro-5.oxo-6-hydroxy-2.methyl-as-tria2in-3-yl, 
tetra2olo[13-b]pyridazm-6-yl, and S-aminotetrazoloIl^bJpyridazm-e-yl. 

The tenns •'heteroaryl group" or •'heteroaiyl" are used interchangeably herein and refer 
to any mon<v, bi-, or tricyclic aromatic rings having the number of ring atoms designated where 
at least one ring is a 5-, 6- or 7-membered hydrocarbon ring containing from one to four 
heteroatoms selected from nitrogen, oxygen, and sulfur, preferably at least one heteroatom is 
mtrogen. The aryl portion of the term heteroaiyl" refers to aromaHdty, a term known to those 
skilled in the art and defined in greater detail in Advanced Organic Chemistry J. March, S'd ed., 
pages 37-69, John Wiley & Sons, New York (1985). 

"Optical isomers", "diastereomers and "geometric isomers" of some of the compounds 
represented by the formulae described herein are comprehended to be widtin the scope of the 
instant invention, as well as racemic and resolved enantiomerically pure forms and 
phaimaceuticaUy acceptable salts thereof. 

"Pharmaceutically acceptable salts" include both acid and base addition salts. 
•PharmaceuticaUy acceptable acid addition salt" refers to those salts which retain the 
biological effectiveness and properties of the free bases and which are not biologically or 
otherwise undesirable, formed with inorganic adds including but not limited to hydrochloric 
acid, hydrobromic add, sulfuric acid, sulfamic nitric add, phosphoric acid and the like, and 
organic acids suA as acetic add, propionic add. glycoUc add. pyruvic acid, lactic add, oxalic 
add, maleic add, maUc add, maloneic acid, sucdnic add, himaric add, tartaric add, dtric add 
stearic acid, ascorbic add, benzoic acid, dnnamic add, mandeUc acid, methanesulfonic add, 
ethanesulfonic add, isethionic add, p-toluenesulfonic add, saUcydic add, naturaUy occurring 
amino acids and the like. 

"Pharmaceutically acceptable base addition salts" include those derived from inorganic 
bases sud, as sodium, potassium, lithium, ammonium, caldum, magnesium, iron, zinc, copper, 
manganese, aluminum salts and the like. Particularly preferred are the ammonium, potassium, 
sodium, cakium and magnesium salts. Salts derived from pharmaceutically acceptable organic 
nontoxic bases includes salts of primary, secondary, and tertiary amines, substihited amines 
including naturally occurring substituted amines, cydic amines and basic ion exdiange resins, 
such as isopropylamine, trimethylamine, diethylamine, triethylamine, tripropylamine, 
ethanolamine, 2-diethylaminoethanol, trimethamine, dicyclohexylamine, lysine, arginine, 
histidine, caffeine, procaine, hydrabamine, dtoline, betaine, ethylenediamine, glucosamine, 
methylglucamine, theobromine, purines, piperizine, piperidine, N-ethylpiperidine, polyamine 
resins and the like. Particularly preferred organic non-toxic bases are isopropylamine, 
diefliylamine, ethanolamine, trimethamine, dicydohexylamine, choline, and caffeine. 

In general, unless otherwise specified, the abbreviations used for the designation of 
amino acids and the protective groups used therefor are based on recommendations of the 
lUPAC-IUB Commission of Biochemical Nomendature (Biochemistry. 11:1726-1732 (1972). 
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Table 1 provides a list of commonly used symbols or abbreviations (abbr.) used to describe the 
compounds of this invention. 



Table I 
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10 



1 ABBR 


(SMILES) STRUCTURE 


R/S 


COMMON NAME OF COMPOUND 


A 


NC(C)C(=0) 


S 


L-Akmine 


a 


NC(C)C(=0) 


R 


D-Alanine 


Ab 


NCCCC(=0) 




4-aminobutyric acid 


Ac 


C(C=0) 




Acetyl 


Abx 


NC2(CCCCC2)C(-0) 




l-amino-l-cydohexanecaiboxvlic acid 


Ahp 


NCCCCCCC(=0) 




7-amin<^eptanoic add 


Ahx 


NCCCCCC(=0) 




6-amin(diexanoic add 




NCc4ccc(cc4)C(»0) 




p-aminomethylbenzoic add 


amF 


NC(C)(Cclcccccl)C(»0) 


S 


alpha-methyl-L-Phenylalanine 


ape 


N3CCC(N)CC3 




l-(4-ammo-piperidine) 


api 


NC3CCNCC3 




4-(4-amino-piperidine) 


Ava 


NCCCCC(-0) 




5-aminovaleric add 


B 


NC(Cclcc2ccccc2ccl)C(=0) 


S 


L-beta-naphthylalanine 


b 


NC(Cclcc2ccccc2ccl)C(=0) 


R 


I>beta-naphthyUdanine 


bA 


NCCC(=0) 




beta-Alanine 


bam 


NCCCCN 




1,4-butanediamine 


Bmn 


NC(Cclcc2ccccc2ccl)CN 


S 


L-2-amino-3-(2-naphthyl)propvlamine 


bmn 


NC(Cclcc2ccccc2ccl)CN 


R 


D-2-amino-3-(2-naphthyI)propvlamine 


BOC 


C(C)(C)OC(=0) 




tert*6utoxycarbonyl 


Bol 


NC(Cclcc2ccccc2ccl)CX3 


S 


L*beta-naphthylalanol 


bol 


NC(Cclcc2ccccc2ccl)CO 


R 


>beta-naphthylalanol 


chA 


NC(CC1CCCCC1)C(=0) 




3-cydohexylalanine 


chf 


NC(Cclccc(a)ccl)C(=0) 


R 


D-4-chloro-Phenylalanine 


cho 


C4CCC(CC4)C(=0) 




cydohexane caiboxylic add 


cxa 


NC3CCC(N)CC3 




trans-l,4-cydohexane diamine 


Cxp 


N4CCN(CC4)C(-0) 




1-carboxypiperazine 


dam 


N(C)C 




NJvI-dimetiiylamine 


F 


NC(Cclcccccl)C(=0) 


S 


L-Phenylalanine 


f 


NC{Cclcccccl)C(=0) 


R 


D-Phenylalanine 


fbd 


N(CCclcccccl)CCCCN 




N-(2-phenylethyl) butane dieunine 


feb 


N(CCclcccccl)CCC(=0) 




N-(2-phenylettiyl) beta-AIanine 
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H AB 

Ifeg 
Ifem 


BR 1 (SMILES) STRUCTURE 

jN(CCclcccccl )Ca=0> 

[NCCclcccccl 


1 R/S i COMMON NAME OF COMPOf iKin 

1 N-(2-phenvlethyl) Glycine 

1 U-phenethvl amine 


|g 

[h 


NCC(=0^ 

NC(CclfnH)cncl)Cf=0) 


Js_ 


iGlycine 

[L-Histadine 


r 


NC(CclfnH1cncl)a=0) 




ID-Histadine 1 


[hcF 


iNC(Cclcccccl)CCraO) 


JS_l3-{S)-benzvl-beta-alanine 


IhF NC(CCclccccclX:raO> 


]s_ 


[homo- L-Phenylalanine | 


Ihf 


|nC(CCc1ccccc1 )C(=0) 


|r_ 


homo-D-Phenvlalaning 


linip 


N4CCC(CC4)Cf=0^ 


jisonipecoac add 


lisog 


N4CC=CfCC4)C(«0) 


lisoeuvacine 1 


IK 


NC(CCCCNK:f=0^ 


S__ 


IL-Lysine j 


Ik 


NC(CCCCN)C(=0) 1 


R 


D-Lvsine 


jmab 
Imam 


N(C)CCCC(»0) 1 
NC 1 

|NCCclcc2ccccc2ccl f 


jN-methvl-4-aminobutyric acid 1 


|man 


Imethylamine 1 


ImBm 


In(C)C(Cc1cc2ccccc2cc1)CK E 




*>«K*imyxmcmyA;aiIune 1 

N-inethyl-[2-amino-3-(2- 
|naphthyl)propyl]ainine | 


Imbm 


N{C)C(Cclcc2ccccc2ccl)CN h 




lN-inethyl-[2-amino-3-(2- j 
lnaphthyl)propyl]ainine 
N-Methvl-2>(2-naphthylethylamine) | 
j2(R).2-(N-Methylamino)-l.azido-3- J 
|(2-naphthyl)propane 1 


|men 

miz 


N(C)CC<;lcc2ccccc2ccl 1 
N(QC(Cc1cc2ccccc2cc1)CN(=N)N |f 





NC(CC(=0)N)a=Q^ 



NC(CC(=0>N)Cf=0) 



y_ 

|nmB 
|nmb 
nmF 
InmK 
npA 



NC(C)(C)CCf=0^ 
N(C)C(Cc1cc2ccccc2cc1K:0 



NC(CCCC)Cf=0) 

NC(CCCC)Cf=0) 
|n(C)C(Cc1cc2ccccc2cc1K:(=0> 
jN(C)C(Cclcc2ccccc2cclK:(=0^ 
N(C)C(Cclcccccl )C(=0) 
N(C)C(CCCCN)C(=0) 
|NC(Cclc2ccccc2cccl)C(gO) 



[morpholine 
iL-Asparapine 



R 



ID-Asparapne 



3,3>dimethyl-3-aminopropionic ac id 
N-Methvl-D-beta-naphthvlalannl 



L-Norleucine 
D~Norleucine 

N-Methyl-L-beta-naphthylalanine 
N^Methyl-D-beta-naphthylalanine 
N-Methyl-L-Phenylalanine 
N>Methyl>L>Lysine 
L-alpha>Naphthvlalanin e 
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II ABBR 


(SMILES) STRUCTURE 


R/S 


COMMON NAME OF COMPOUND | 


npa 


NC(Cclc2ccccc2cccl )C(=0) 


R 


D-alpha-Naphthylalanine 


npe 


NCCclcc2ccccc2ccl 




2-(2-naphthyl)ethylainine 


O 


NC(CCCN)C(=0) 


S 


L-Omithine 


o 


NC(CCCN)C{«0) 


R 


D-Omithine 


P 


N1C(CCC1)C(=0) 


S 


L-Proline 




N1C(CCC1)C(=0) 


R 


D-Proline 


pac 


n4ccc(cc4)CC(=0) 




Pyridine-4-acetic acid 


pam 


NCCCCC3M 




13-pentanediaznine 




NC(clcccccl)C(«0) 


S 


L-Phenylglycine 


pG 


NC(clcccccl)C(=:0) 


R 


D-Plienylglycine 


Pol 


NC(Cclcccccl)CO 


S 


L-Phenylalanol 


PPC 


N1CCC(CC1)C(=0) 




Piperidine-4-carboxylic acid 


PP2 


N3CCNCC3 




piperazine 


pyc 


n4ccc(cc4)C(=0) 




Pyridine-4-carboxylic acid 


ram 


NCCCN 




1^3-propane diamine 


S 


NC{CO)C(=0) 


S 


L-Serine 


tarn 


NCCN 




1^-ethane diamine 


tbm 


NC(C)(C)C 




tert-butylamine 


tic 


N7C(Cc8ccccc8C7)C(=0) 


S 


1 D-tetrahydroisoquinoline 


Tic 


N7C(Cc8ccccc8C7)C(=:0) 


R 


L-tetrahydroisoquinoline 


W 


NC(Ccl [nH]c2ccccc2cl)C(=0) 


S 


L-Tryptophane 


w 


NC(Ccl [nH]c2ccccc2cl)C(=0) 


R 


D-Tryptophane 


wol 


NC(Ccl[nH]c2ccccc2cl)CO 


R 


D-Tryptophanol 


Y 


NC(Cclccc(0)ccl )C(=0) 


S 


L-Tyrosine 


y 


NC(Cclccc(0)ccl)C(=0) 


R 


D-Tvrosine 


Y(I) 


NC(Cclccc(0)c(I)cl)C(=:0) 


S 


3-Iodo-L-Tyrosine 



Notes: 



a) The above structures are depicted in the SMILES format ("SMILES, 1. Introduction to 
Encoding Rules" Weinenger, D. J. Chem. Inf. Comput. Sci. 1988, 28, 31.)- They are generally 
written N- to C-terminal with the points of attachment at the left- and/or right hand atoms 

35 depending on sequence position. In cases where attachment would be ambiguous, two 
different acronyms are used to depict the two modes, if both are used. 

b) It will be tmderstood that when attached at a terminal position, the appropriate C-terminal 
function indicated in the table (i.e. -OH, -NH2, OMe) is added to complete the structure (acid. 
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funcfaons to fill out the valence. 
B. Utility 

The compound, of Fo™uU I c« be «tad„i.to«. «, „,.„„„^. i^„,i„^ 

-lea3,«d„g»„„,g_„,_^.^^ fT«-np-..«-compou„dsc»b.,dl««. 
.oc™„n.e™,U,^„^,„^,^^^^^^ ^^^^^ 

capable o, re...«„g h„™„„e. T^e compounds of Fom.ul. . c«. be .dmL«^,„ 

10 to «lull,„d child™,,, sdn,ula.egro„U,hon„»,e„W 

Accordingly, fte presen. invention includes within ,u «ope ph.ro..ceuHc,l 
^p«».K^compHsin^„„,c.i„eingredie„,.,,,,,,.^„,^ 

.^ocfon With . ph.„„«eutic.l carrier or dUuent. Optionally, the active i„gr,di«,. of 

1^ one of the compounds of Formula I. 

.^^T^rTT' <'»*y>»'ilbes.r„l. 
«»^hyBme enkephatas. e ..Hes prostaglandins, pepHdes of Uie Vn>-seceto.g,ucag„„-GRF 

Pa..No.4,4U,890;benzofu.edl.ct,n«sucl.as.hosedisc.o«^ 

» ^"^••---"■-^ghonnon.fC^andlts.n.log.orgrowU.hormone.GH.andits 
•nalogs or ««„itoinedins including IGF-1 and IGF-Z and thri, analogs 

^GF,^»is^o™,oth«ses.dlledin.hearttt»..K.rear.m.„yu.es^gr„«^ 
*e IGFs. Therefore adminis.r.Hon of the compounds of this invention for purposes of 
5 stimulatrngthereleaseofendogenousg^wthhormoneo, IG.., can have the sale Elects I 

.rr^'lT TT" *^ 8"w* honnone and 

IGF-l mdude the following, stimulating growth hormone release in elderly hmnans 

p^ventionofcatabolicsideeffects of glucocorticoids, treatment Of osteoporosis, stiluUU^^^^ 

"»™»™^»'--'"''"»t„fret.rda«o„,.cce,e,atio„„fwou„dheaU„^.ccel^^^^ 
^ «p^. tn^atment o, growU, retardation, treating ^,.1 f,i,„, „ * 

deficent duldren. tr«iting short stature associated with chtonic illness, treatment o, obesity 
»d growth retanlation associated with obesity, treating growth retardation associated wil 
Prader-WilU syndrome and Turner's syndrome; accelerating the recovery and reducing 
hospttah^tion Of bum patients; treatment o, intrauterine growth tetarda.ion, skeieta! 
dysplasia, hypercortisolism and Cushings sy^irome; Inducti«, of pulsatile growth hormone 
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release; replacement of growth hormone in stressed patients; treatment of 
osteochondrodysplasias, Noonans syndrome, schizophrenia, depression, Alzheimer's disease, 
diseases of demeylination, multiple sclerosis, delayed wound healing, and psychosocial 
deprivation; treatment of pulmonary dysfunction and ventilator dependency; attenuation of 
protein catabolic response after a major operation; reducing cachexia and protein loss due to 
chronic illness such as cancer or AIDS; breatment of hyperinsulinemia including Type II 
diabetes; adjuvant treatment for ovulation induction; stimulating thymic development and 
prevent the age-related decline of thymic function; treatinent of immunosuppressed patients; 
taeatanent of bone marrow tiransplanted patients, improvement in muscle strength, mobility, 
diseases of muscle function, muscular dystrophy's, maintenance of skin thickness, metabolic 
homeostasis, enhancing renal function and hemeostasis including acute and chronic renal 
failure, stimulation of osteoblasts, bone remodeling, and cartilage growtii; stimulation of the 
immune system in companion animals; growth promotion in livestock including stimulation of 
milk production in ruminates and wool or hair growth. 

An alternative use of the GHRFs of this invention, represented by formulae I-V, as well 
as other GHRP's as defined herein, including but not limited to GHRP-6 and GHRP-1 as 
described in U.S. Pat. No. 4,411.890; GHRP-2; benzo fused lactam GHRP s such as those 
disclosed in U.S. Patent No. 5,206,235; are used in combination with IGF-1 to beat diseases in 
which long term IGF-1 treatinent is indicated. This use of GHRP's is to bring serum GH levels 
back to normal when long-teim IGF-1 therapy down-regulates the pihiitaiy GH secretion. 
Such use includes but is not limited to use in the tireatment of Type II diabetes. 

Other uses of tiie instant ccnnpounds will be apparent from the foUowing references; 
Amato et al. .Journal of Clinical Endocrinology and Metabolism 77(6):1671.1676 (1993), Bengtsson 
et al. . Journal of Clinical Endocrinology and Metabolism 76(Z):309-317 (1993), Binnerts et al. , Clinical 
Endocrinology 37:79-87 (1992), Bowers, Journal of Clinical Endocrinology and Metabolism 76(4):817- 
823 (1993), Cuneo et al. , /. AppUed Physiol. 70(2):688-694 (1991), Cuneo et al. , / Applied Physiol. 
70(2):695-700 (1991), Degerblad et al. , Acta Endocrinologica 126:387-93 (1992), Eden et al. , 
Arteriosclerosis and Thrombosis 13(2):296-301 (1993), Hartman et al. , Horm Res 40:37-47 (1993), Ho 
et al. , Horm Res 40:80-86 (1993), Jogensen et al. , Acta Endocrinologica 125:449-453 (1991), 
30 Jogensen etal. , The Lancet June 3:1221-1224 (1989), Lamberts et al. , Clinical Endocrinology 37:111- 
115 (1992), McGauley et al. , Horm Res 33(suppl 4):52-54 (1990), Molier et al. , Clinical 
Endocrinology 39:403-408 (1993), O'Halloran et al. , Journal cf Clinical Endocrinology and Metabolism 
76(5):1344-1348 (1993), Orme et al , ainical Endocrinology 37:453-459 (1992), Rodriguez-Amao et 
al. , Horm Res 39:87-88 (1993), Ros^ et al , Clinical Endocrinology 40:111-116 (1994), Ros^n et al. , 
35 Acta Endocrinologica 129:195-200 (1993), Rudman et al , The New England Journal of Medicine 
323(l):l-6 (1990), Salomon et al , The New England Journal of Medicine 321(26):1797-1803 (1989), 
Shibasaki et al , Journal of ainical Endocrinology and Metabolism 58(1):212-214 (1984), Sonksen et 
al . Acta Paediatr Scand [SupplJ 379:139-146 (1991), Tauber et al , Journal cf Clinical Endocrinology 



20 



25 
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and Metabolism 76(5):1135-1139 (1993), Vandeweghe et al. . Clinical Endocrinology 39-409^15 
(1993), Whitehead al. . Clinical Endocrinology 36:45-52 (1992), and Bercu et al., U.S. patent no 
5,246,920. ^ 

Additionally, the most potent compounds of this invention can be used as GH 
antagonists. It is known that hypothalamic honnones that are super agonists can also be used 
as antagonists. For example super agonists of Gonadotrophin Releasing Hormone (GnRH) 
such as GONADOREUN and LEUPROLIDE act either as agonists or antagonists depending on 
the method of administration. The actions of the GnRH super agonists are summarized in 
Goodman and Gilmans, TTte Pharmacological Basis of Therapertics, 8th Ed., McGraw Hill Inc p 
1353 (1993). By analogy, it is believed the continuous administration of the compounds of 
formula I-V wiU lead to down-regulation of the growth response. These molecules can 
therefore be used as functional antagonists of pihutary GH secretion, thereby antagonizing GH 
or IGF-1 action. 

•nxe uses of such antagonists of GH secretion include but are not limited to; treatment 
15 of excess GH secretion as in acromegaly or gigantism; in cancer of the breast, colon and 
prostate; in diabetes especially in Type I adolescent patients to counteract the dawn 
phenomenon; and in Type I and Type II patients to directly control blood glucose, and to 
control the long-term affects of diabetes, as for example in retinopathy. 

The compounds of this invention can be administered by oral, parenteral (eg 
20 mtramuscular, intraperitoneal, intravenous or subcutaneous injection or infusion, or implant) 
nasal, pulmonary, vaginal, rectal, sublingual, or topical routes of administration and can be 
formulated in dosage forms appropriate for each route of administration. 

C. Methods of Making 
25 1. General Peptide Synthesis 

One method of producing GHRP s involves chemical synthesis of the -polypeptide". 
This can be accompUshed using methodologies weU known to those skilled in the art (see 
Stewart, J. M. & Young, J. D. Solid Phase Peptide Synthesis Pierce Chemical Co. Rockford, 
IL(1984]; see also U. S. Patent No.'s 4,105,603; 3,972,859; 3,842,067; and 3,862,925). 

"Polypeptides" of the invention may be conveniently prepared using soUd phase 
peptide synthesis (Merrifield, /. Am. Chem. Soc., 85:2149 [1964]; Houghten, Proc. Natl Acal Sci 
USA 82:5132 [1985]). SoUd phase synthesis begins at the carboxy-terminus of the putative 
peptide by coupling a protected amino acid to a suitable resin (e.g. chloromethylated 
polystyrene resin) as shown in Figures 1-1 and 1-2, on pages 2 and 4 of Stewart and Young 
supra. After removal of the a-amino protecting group with, for example, trifluoroacetic acid 
(TFA) in methylene chloride and neutralizing in, for example TEA, the next o-amino- and 
sidechain protected amino acid in the synthesis is added. The remaining a-amino- and, if 
necessary, side-chain-protected amino acids are then coupled sequentiaUy in the desired order 
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by condensation to obtain an intexmediate compound connected to the resin. Alternatively, 
some amino adds may be coupled to one another forming a peptide prior to addition of the 
peptide to the growing solid phase polypeptide chain. 

The condensation between two amino acids, or an amino acid and a peptide, or a 
5 peptide and a peptide can be carried out according to the usual condensation methods such as 
the azide method, mixed acid anhydride method, DCC (N,N'-dicyclohexylcarbodiimide) or 
DIPC (N,N -diisopropylcarbodiimide)methods, active ester method (p-nitrophenyl ester 
method, BOP [benzotriazole-l-yl-oxy-tris (dimethylamino) phosphonium 
hexafluorophosphate] method, N-hydroxysuccinic acid imido ester method, etc., and 
10 Woodward reagent K method. 

Common to chemical syntheses of peptides is the protection of any reactive side-chain 
groups of the amino acids with suitable protecting groups. Ultimately these protecting groups 
are removed after the desired polypeptide chain has been sequentially assembled. Also 
common is the protection of the a-amino group on an amino acid or a fragment while that 

15 entity reacts at the caxboxyl group followed by the selective removal of the a-amino-protecting 
group to aUow subsequent reaction to take place at that location. Accordingly, it is common in 
polypeptide synthesis that an intermediate compound is produced which contains each of the 
amino add residues located in the desired sequence in the peptide chain with various of these 
residues having side-chain protecting groups attached. These protecting groups are then 

20 commonly removed substantially at the same time so as to produce the desired resultant 
product following removal from the resin. 

Suitable protective groups for protecting the a-and e- amino side chain groups are 
exemplified by benzyloxycarbonyl (CBZ), isonicotinyloxycarbonyl (iNOC), O 
chlorobenzyloxycarbonyl (2-Cl-CBZ), p-nitrobenzyloxycarbonyl [Z(N02 ], p- 

25 methoxybenzyloxycarbonyl [Z(OMe)], t-butoxycarbonyl, (BOC), t-amyloxycarbonyl (AOC), 
isobormyloxycarbonyl, adamatyloxycarbonyl, 2-(4-biphenyl).2-propyl.oxycarbonyl (BPOC), 9- 
fluorenylmethoxycarbonyl (FMOC), methylsulfo-nyiethoxycarbonyl (Msc), trifluoroacetyl, 
phthalyl, formyl, 2-nitrophenylsulphenyl (NFS), diphenylphosphinothioyl (Ppt), 
dimethylophosphinothioyl (Mpt) and the like. 

30 Protective groups for the carboxy functional group are exemplified by; benzyl ester 

(OBzl), cyciohexyl ester (Chx), 4-nitrobenzyl ester (ONb), t-butyl ester (OtBu), 4-pyridyImethyl 
ester (OPic), and the like. It is often desirable that specific amino acids such as arginine, 
cysteine, and serine possessing a functional group other than amino and carboxyl groups are 
protected by a suitable protective group. For example, the guanidino group of arginine may be 

35 protected with nitro, p*toluenesulfonyl, benzyloxycarbonyl, adamantyloxycarbonyl, p- 
methoxybenzenesulfonyl, 4-methoxy-2, 6-dimethylbenzenesulfonyI (Mds), 1,3,5- 
trimethylphenysulfonyl (Mts), and tiie like. The tiiiol group of cysteine may be protected with 
p-metiioxybenzyl, triphenylmethyl, acetylaminomethyl ethylcarbamoyle, 4-methylbenzyl, 2, 4, 
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6-trimethy.benzyl (Tmb) etc., and the hydroxyl group of serine can be protected with benzyl, t- 
butyl, acetyl, tetrahydropyranyl and the like. 

Stewart and Young supra provides detailed information regarding procedures for 
preparing peptides. Protection of a-amino groups is described on pages 14-18, and side^hain 
5 blockage is described on pages 18-28. A table of protecting groups for amine, hydroxyl and 
sulfhydryl functions is provided on pages 149-151. 

After the desired amino acid sequence has been completed, the intermediate peptide is 
removed from the resin support by treatment with a reagent, such as Uquid HF and one or 
more thio-containing scavengers, which not only cleaves the peptide from the resin, but also 
10 cleaves aU the remaining side-chain protecting groups. Following HF cleavage, the peptide 
residue is washed with ether, and extracted from the resin by washing with aqueous 
acetonitrile and acetic add. 

Preferably in order to avoid alkylation of residues in the polypeptide, (for example, 
alkylation of methionine, cysteine, and tyrosine residues) a thio-cresol and cresol scavenger 
15 mixture is used. 

2. Other General Procedures 

Tl.e peptidomimetic compounds of this invention may also be conveniently prepared 
by the methods for peptide synti^is described in monographs such as ("Principles of Peptide 
Synthesis, M. Bodanszky, Springer-Verlag, 2nd Ed., 1993; "Synthetic Peptides: A Users Guide" 
20 G. A. Grant, Ed, W. H. Freeman and Co., 1992; and references sited ti^erein), or by other 
meti^ods generally known to one skilled in the art. The synti^esis of compounds of this 
mvenhon that are peptidomimetic in nature (i.e. contain other ti»an standard amide bond 
linkages) may be prepared by extension of the methods described in the specific Examples 1-37 
and the methods laid forth in Schemes MV below, by the general synthetic methods described 
m "Comprehensive Organic Transformations", R. C. Larock, VCH Publishers, 1989, and by 
methods generally known to one skilled in the art. 

For compounds of Claim 1 where the amide linkages (-C(=0)-NH-) are replaced witt, 
amide isostere linkages such as; -CH2-NH-, -CH2-S-, -CH2-CH2-, -CH=CH- (cis and trans) 
-C(=0K:H2-, -CH(0HX:H2-, -CH(CN)-NH-, -0-C(=0)-NH- and -CH2-SO-, amide bond 
D replacing methods known in the art are employed. The following references describe 
preparation of amide isostere linkages which include these alternative-linking moieties- 
Spatola, A.F., Vega Data 1(3): "Peptide Backbone Modifications" (General Review) (Mar 1983), 
Spatola, A.F., in "Chemistiy and biochemistry of Amino Acids Peptides and Proteins" B 
Weinstein, ed., Man:el Dekker, New York, P. 267 (1983); Morley, J.S., Treruis Pharm. Sci. pp 463- 
. 468; Hudson, D. et al. Int. /. Pept. Prot. Res. 14:177-185 (1979) (-CH2NH-, -CHzCHs-)- Spatola 
A.F., et al., Ufe Sci. 38:1243-1249 (1986) (-CH2-S-); Hann, M.M., /. Chem. Sac. Perkin. Trans. I 307- 
314 (1982) (-CH=CH-, cis and trans); Almquist, R.G., et al, J. Med. Chem. 23:1392-1398 (1980) (- 
C(=0)-CH2-); Jennings-White C. et a!.. Tetrahedron Lett 23.(1982) (-C(=0)-CH2-); Szelke, M., et 
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«/., EP Application No. 45665 (1982) Chem Abs :9739405 (1982) (-CH(OH)-CH2); HoUaday, M.W., 
et oL, Tetrahedron Utl 24:4401-4404 (1983) (.C(OH)-CH2-); Hruby, V.J. Ufe Sci 31:189-199 (1982) (- 
CH2S.);aiKlCho,C.Y.rfa/, Science 261:1303-1305 (1993) (-CK:(=0)-NH-). 

The compounds of Claims 2-5 are spedficaUy prepared by the methods described in 
Schemes I-IV. The N-terminal amino group is shown as isonipecotic acid for clarity, but it is 
understood that the compounds of this invention with other groups (RA) at this position are 
prepared by substitution of the appropriately protected reagent for the protected isonipecotic 
add in the scheme. One may in general use a range of methods for the coupling of the 
components such as preformed active esters, acid chlorides, and coupling reagents. For 
connections other than amides, alkylation, acylation, and sulfonylation, for example, may be 
accomplished using the appropriately activated reagent and methods described in 
("Comprehensive Organic Transfonnations", R. C Larock, VCH Publishers, 1989). 

3. Specific Schemes 

As shown in Scheme I, protected amino acids of the type 1 may be allcylated according 
to the procedure of Benoitin (Can. J. Chem. 55, 906, 1977) to give a variety of N-substituted 
compoimds (2). 



35 



Scheme I 



" I 9 1)NaH.B=J O 9 r 1)JtOCOCl. EtaN. 

<!, O RB O 2)NaBH4 

1 ^ 2 

25 ^ I 1) P(Ph)3. HNa ^ Ar' 1) Pd/C 



O-^N"^"" DEAD.THF r^^^tt^**^ \ 

' 2) TFA iC T I 2)Ari-L-COCI. 

3) DOC. NMM BOC" EtgN 



BOC- 
Ar' 



Ar' 



30 ^^^^N o For RC ^ H: tFA life 

NaH. RC-I rb Li 

5 Ar» 

6.11c 



Ar' Ar' 
0 / 1) Hg. Pd/C ^ ( ^ n 

4 7 
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ForRC*H: TFA ? ( f 



'5? 



O 



NaH.RC.| 

8, lie 

To produce «duced or inverted amide compounds of the Type lie (Claim 3), (2) may be 
reduced through the prefonned mixed anhydride with sodium borohydride to give protected 
amino alcohols (3). Conversion of the hydroxyl function to an amine may be accomplished via 
5 Mitsunobu coupling of (3) with hydrazoic add to give an intermediate protected amino azide 
Deblocking of the amino function and coupling to the N-terminal group is conveniently 
performed at this differentiated stage. In this example, the N-BOC is removed with TTA and 
the resulting free-based amino azide coupled to N-BOC-isonipecotic acid using the reagent 
Dec to give (4), 

10 The intermediate azide (4) can be converted to a variety of compounds of this 

mvent,on. For example, hydrogenation of the azido function gives an amine which can be 
acylated with a variety of groups, for example, Arl-L2<:oCl to give (5) (Scheme I). For the 
synthesis of the range of l2's herein claimed, it is understood that Arl-L2-COCl may be 
substituted with a variety of different acylating agents like chloro carbonates, activated esters 
15 isocyanates, and the like. For example, 2-naphthoylchloride, benzylchloroformate' 
phenylacetyl chloride, dihydrocinnamoyl chloride, and phenylisocyanate may be used to give' 
compounds (6) with a range of linkers l2. Global deprotection then gives 6, for rC = h 
Incorporation of the N-substitution rC, into (5) can be accomplished via alkylation of (5), for 
example via deprotonation with sodium hydride and reaction with an alkyl halide 
20 Deprotection gives (6) (rC ^ H). 

For synthesis of N-sulfonamido compounds, the amine produced via reduction of (4) 
can be sulfonylated, alternately alkylated at nitrogen (for rC * H), and deprotected to give (8). 

For the synthesis of compounds (6) and (8) where rB = h and rC ^ h, it may be more 
convenient to incorporate the substituent rC via reducHve amination. For example, using one 
25 eqmvalent of an appropriate aldehyde and sodium cyanoborohydride, rC can be introduced 
mto the amine from reduction of (4), prior to acylation or sulfonylation to (6) or (8), 
respectively. 

Compounds lie (Claim 3) in which X = H, alkyl, substituted alkyl, and the like, may be 
synthesized via the route shown in Scheme II. 
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1) HN(OMe)Me, 
BOP, HOBt 

2) DIBAL 



9 



Scheme II 
NaCNBHs, PH 6 



At' 

, O / RC 



10 



Ai^ 



1) TFA 

2) OCC. NMM 



or: 



1) TsCI. pyridine 



11, Uc 



The intermediate protected amino acids (1) or (2) (from Scheme I) are converted to protected 
amino aldehydes (9), conveniently via DIBAL reduction of the derived N-methyl-N-methoxy- 
amide. Subsequent reductive amination with an appropriately substituted amine gives (10). 
5 Alternatively, (10) can be prepared from (3) via conversion of the alcohol to a tosylate or other 
suitable leaving group, and displacement v^^ith an appropriately substituted amine (Scheme II). 
It should be apparent that a wide variety of amines could be used in these two routes to (10) 
including tryptamine, N-methyl.(2-naphthyl)ethyl amine, alpha-methylphenethylamine, 
tryptophanol and N-methyl-beta-naphthylalanol. The amine may also be part of a heterocycle, 
10 i.e. 2-benzyl- or naphthylmethyl-piperidine. 

This reductive amination strategy is a general method for incorporation of a reduced 
amide isostere into a polyamide chain. Thus, substitution of an appropriately protected amino 
acid derivative or peptide with a free alpha-amine, for the amine component in Scheme II (9) to 
(10) provides a protected, reduced amide isostere, intermediate. In this maimer, compoimds of 
15 the type exemplified in Claim 8, Illb-IIIe may be prepared using appropriate orthogonal 
protecting groups for the reactive functionality. This method may also be employed when the 
amine component is attached to a solid support, smtable for peptide synthesis, providing a 
convenient method for the synthesis of longer peptidic compounds. 

Completion of the synthesis of compounds of the type 11 (Scheme II) (and by analogy, 
20 compounds of Claim 8, lUb-IIIe), requires deprotection of the amino group and coupling to an 
appropriately protected N-terminal moiety, shown in Scheme II as N-R^-isonipecotic acid for 
clarity. Depending on the particular substituents X, R^, and R^ in (10), it may be neccessary to 
orthogonally protect reactive fimctionality prior to removal of the N-terminal blocking group. 
Por example, for (10) (R^ = X =H) the secondary amine in (10) can be acylated with FMOC-Cl 
25 (e.g. rC ^ FMCXZ) prior to removal of the N-terminal BOC. This ensures that the subsequent 
acylation occurs only at the terminal amine. 

It will be noted that a wide variety of N-terminal groups can be attached to the 
intermediate deprotected (10). Any suitably protected amino acid, i.e. BCX:-4-aminobutyric 
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.cid. N-alkyl-isonipecotic acid, nxay be attached using a standard coupling reagent. Also 
protected active esters, anhydrides, and acid chlorides, may be used. For the synthesb of uxea 
type hnkages, the intermediate deprotected (10) may be reacted with carbonyl diimidazole or 
phosgene, foUowed by addition of a suitably protected or symmetrical amine. In particular 
reaction with piperazine, propane diamine, or Nl,N4-dimethylpropanediamine, give preferred 
compounds. 

For the synthesis of compounds with an N-terminal carbamate linkage the 
intermediate deprotected (10) (rC ^ H) may be reacted with carbonyl diimidazole or phosgene 
foUowed by addition of a suitably N-protected amino alcohol such as BOC-aminoethanol BOC- 
aminopropanol, and BOC-2- or 3-hydroxypiperidine. Alternatively, the intermediate 
deprotected (10) can be reacted directly with a preformed N-blocked-chloroformate. 

•nie final step neccessaiy for completion of the synthesis of the compounds of type 11 is 
removal of the protecting functionality using appropriate conditions (for a general monograph 
on protecting groups, see Greene, W.T., Wuts F.G.M. Protective Croups in Organic Synthesis , 2nd 
15 Ed., John WUey & Sons, NY [1991]). 

It will be noted that these meAods for incoiporation of different N-terminal groups 
(e.g. R 's) are generaUy appUcable to the compounds of this invenHon and not limited to the 
particular example of Scheme II. 

The synthesis of the peptidomimetic compounds of Claim 3, Hd-IIg, are shown below 
20 in Schemes III-VI. For the synthesis of Ud (Scheme III), protected amino add (2) or (1 for rB - 
H) is converted to the homologous methyl ester via learangement of the diazoketone with 
Ag(I) in methanol. 



, Scheme III 

, o 1) EtOCOCI. EtgN. . - A' 
>^o'^N^OH m vJL 1^ I DTSC. pyridine 



1) TFA „ Ar ' 



2) DCC, NMM, ('■"y^N^ ^N''"" 



^ — ' OH 



14. nd 



Ar 

/ 



^ O 2) CHgfsU L 2) pc ? -^O^N-^N- 

3) AgOCOPh. MeOH -m-^A.* L 

4) NaBKi 19 " *' 

13 



Reduction of the ester provides alcohol (12) which, when converted to a tosvlate or similar 
25 leaving group, can be displaced by a large range of substituted amines, as exemplified by the 
conversion of 3 to 10 (Scheme II). Deprotection of the product (13) and acylation provides (14) 
after deprotection. 
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Compounds of the type He can be prepared as shown in Scheme IV. 

Scheme IV 

« EtaN ^ '^'^N^^ 

15 M Ar< 

16 17 



10 



•--^^ 11 M.OH '-'^ ° . ,'01^ C 

18 A\ an kiBOu ia 3) ^R-l ^ODt onah 



20. Oe 



Substituted amine (15) is acyUted with bromoacetyl bromide to give (16), which is reacted with 
a second amine to give (17). Acylation with an appropriate N-terminal moiety gives (20). For 
example, a prefered N-terminus, 4-carboxymethylpiperidine (19), is prepared via homologation 
of BOC-isonipecotic acid (18), and acylated onto (17) with DCC. Deprotection and optional 
alkylation of the terminal amine provides (20). Reductive amination with an appropriate 
aldehyde is an alternate method for the incorporation of r1 substituents onto the terminal 
amine. This is a generally appUcable method, useful for many compounds of this invention. 

Compounds of the type Hf (Scheme V) can be prepared from (17) via LAH reduction of 
the amide hmctionality. Acylation with (19), deprotection, and optional N-alkyiation provides 
(21). 



Scheme V 

Ar'^H^^"' ^) LAH.THF f""'' 

^Ai2 2) 19, DCC, NMM ^OOf 

17 3)TFA 'R ^ ° ^A,^ 

4) iR-l (optional) 21,llf 

The pseudo symmetrical compounds of type Ug are preparable via the route shown in Scheme 
15 VI. Conversion of arylamine (22) to (23) is analogous to the preparation of (17) above. 

Scheme VI 

1) BrCHaCOCI q LAH Ar' , 

Af*^NHj EtaN ^''-x^NvJC^^. 2) 19. DCC. NMM / 9 (^f 

1J" ry^^^^N-^ — <^ 

22 2) AriCHjNHj 23 3) TFA iR^'*^ O I 

4) 'R-l (optional) 24,llg 
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LAH reduction provides a symmetrical or unsymmetrical substituted ethane diamine which is 
acylated simultaneously at both nitrogens with 19 or another appropriate reagent. Deblocking 
as above gives (24). 
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D. Preferred Embodiments 

The present invention is based on the discovery of several new classes of small 
peptidomimetics that cause the release of growth hormone in mammals. It is a preferable 
object of the present invention to provide agents that are selective for GH release and have 
suitable safety and efficacy for chronic administration to mammals. In a more prefered 
embodiment, the present invention provides compounds which are suitable for oral, intranasal, 
or pulmonary delivery. It is an aim of the most prefered embodiments of the present invention 
to provide compounds that are superior to the prior art by the above criteria. It is further 
prefered that the compounds be readUy synthesizable in opticaUy pure form where neccessary. 

In view of the forgoing, the prefered compounds of this invention have an EC50 in the 
rat "pit" cell assay of less than about 1.0 nM and most preferably less than about 0.5 nM. 
Prefered compounds of this invention also have a molecular weight less than 650 da and most 
preferably less than 600 da. Prefei«i embodiments of the compounds of this invention are 
represented by structural Formula (I) 

,Ar' 
b 



.-j-B-f( 

>r2 



A-j-B-j-C 



1 

20 where the symbols of Formula (I) are selected from the following: 

From the substructures shown for group A of Formula (I), those preferered A s are 
selected from; 

o o rb 

R-'^N- pA'^Y^ ^'^o\^ R'^'V"^ 

s ' 

rA-^n" rA^N- rA-V' p.-K/' 
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while the most preferred A's incorporate either an amide or carbamate linkage as in; 
O rB o R^ 

pA.- R*'V°" 

R^ O rB . o 

/ , and 

With respect to certain combinations of L^-Ar^ and it is prefered to use a 
commercially available amino acid as a starting material. 
5 For the groups R^, of substructure A, prefered embodiments incorporate functionality 

that places a basic nitrogen atom (or prodrug form thereof) at a distance of approximately 4 to 8 
C-C bonds from the attachment point of L^-Ar^, in a through-bond measurement. For 
example, prefered of the most prefered A substructures above, include alkyl amines 

(CH2)nNR^R^ (where n=2 to 4) and saturated six-membered ring heterocycles containing 1 or 2 

10 nitrogen atoms, for the amide-linked A's, and (CH2)nNR^R^ (where n=2 or 3) and 3- or 4- 
substituted saturated six-membered ring heterocycles containing 1 or 2 nitrogen atoms, for the 
carbamate-Unked A's. Prefered R's attached at the nitrogen atom of R^ include hydrogen, 
methyl, ethyl, 2-hydroxyethyl, and 2-hydroxypropyL More prefered, are those R-^'s that place 
the amine at approximately 6 C-C bonds from the attachment point of L^-Ar^, measured in a 

15 through-bond manner, as is the case with the most prefered R^'s (CH2)3NR2r^, 4-pip>eridinyl, 
and piperazinyl, for the amide linked A's, and (CH2)3NR^R^ for the carbamate linked A's, 
where R^ and r3 are chosen from the group hydrogen and medtyl.- In die case of the carbamate 
where is attached directly to nitrogen, an additionally prefered R-^ forms a piperazine, 
where the carbamate nitrogen is incorporated as a ring atom. Thus, a most prefered 

20 embodiment of the present invention incorporates a substructure A of the following 
composition: 

r 9 ° ° 



p'b ri-N^ rB pi.N^ R 



B 




R2 "'^N^ 



R® RV 

J Ri'N^ O X 



R^ 

r'^ , r'^ 
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20 



and d 



25 



where the groups rB are hydrogen or lower alkyl. 

Fonnula'"ar ^ °' ^ -^^^ructu'e of 

Formula (I) is an amide derived from attarhmo^* • . 

O 

whei. the groups rB and Rl „, hydrogen or lower .Ucyl. 

lunc^a r**' " """""^ A-s display tt,e ».i„e 

h»ch«».«y ... near op«™, di...„„ W U-Arl in For™,- („ „a ^us U is pLered 
^ppend«. rA, ,or s^^„ ^-^ i„«„. Jdis.e„cet 

pieJered. In a most prefored «nbodiment a ,a«i b «e both hydrogo, 

.«« „, '"'^ """^ '"° -nd 

ether of the foUowing hmctions are more prefcred- 

' ' and 

The most preferred B s are selected from: 

f O 
where rC is additionally preferred to be hydrogen or methyl 

C( 0,NH. the present .nvenhon teaches d,a, the NH is ^placable by NMe with retention o, 
b.olog.ca„«v..y. 1. is d,erefore . .c. prefer^ embodiment of the p„se„. inve„«^ ^ ^ 
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combination chosen so as to optimize for desired properties of the molecule, such as stability 
and lipophilidty. 

From the prefered list of substructures C, of Formula I, the more pref ered embodiments 
are conveniently discussed by class. For the "pentapeptide, short series", exemplified by the 
most prefered (inip) b w F K -NH2 (where C is -C(=OhPhe - Lys - amide), and Fonnula la 
below, prefered embodiments include, in addition to the most prefered -C(»0)-Phe - Lys - 
amide, the substihition for Lys (Y) by the n-alkyl diamines H2N(CH2)nNH2, where n»2-6, and 
amino amides selected from the common amino adds. 

Ar^ 



h b ° 
A--j-B-|-^X-^ 



a |_2 

aa) 

10 As is taught in the present invention, a wide range of substitution is allowable at the Lys (Y) 
and, to a lesser extent, the Phe (X) position. It is therefore preferable to select from aU possible 
C-terminal groups, those that are inexpensive, and improve the overall physical properties of 
the compound. 



(lb) 

For the Phe (X) position in the above fonnula (lb) and the "tetrapeptide, short series 
the Phe is most prefered when a C-terminal amide is included, as are L-alpha-naphthyialanine, 
L-beta-naphthylalanine, and Tyr. In the short series, exemplified by (inip) b b F the C- 

terminal carboxamide is a prefered embodiment. Also prefered are the amides N,N-dimethyl, 
N-methyl and morpholinyL In a further prefered embodiment, the carboxamide is replaced 
20 with the free add and the reduced congener CH2OH and hydrogen. 

An additional class of most prefered compounds (Formula Ic) are obtained by the 
replacement of the Phe in the above structures with a non-aromatic residue. Most prefered 
among this class are the compounds where X (below) is an amide derived from the lower alkyl 
diamines and the lower alkyl aminocarboxamides. Most preferable is when X is butane 
25 diamine. 
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a l2 

\r2 



(Ic) 



Most prefe^ble is a compouxtd where X is butane diamine and B is a N-methyl amide. Further 
most preferable compounds include those where X is NH2, alkyl amides therefrom, OH and 
it's lower alkyl esters. 

CH2OH or hydrogen. 

a 

(Id) 

From the prefered list of Ll-Arl's and L2-Ar2's detailed in Claim 1, the most prefered are 
chosen from CH2Ar, where Ar is preferably 1- or 2-naphthyl, 3-indoyl, or substituted phenyl 
In a most highly prefered embodiment, L^-Arl is CH2(2-naphthyl) and L2-Ar2 is CH^fl 
indoyl)orCH2(2-naphthyl). 

Other most prefered compounds of the present invention incude: 




HN 
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>N^ O 1 O 





HN^ O 



and 




30 



35 



E- Biological Activity 

1. In Vitro Activity 

A. In Vitro EC50 

The - pit" EC50 values for all GHRPs were detennined by the GH dose-response to the 
CHRP using the rat pituitary monolayer culture system detaUed in Example 38. The results are 
provided in Tables II -VI in Example 39. Table H details selected biological data for prior art 
compounds including GHRP.6 with a "pit cell" EC50 of 6.2 ± 1.5 nM (n=5). Table III detaUs 
selected biological data from 64 compounds from formula IV. Included in this novel class of 
compound, which is significanUy smaUer than GJlRP-6. is (inip)-bbFK-NH2 with an EC50 of 
0.18 ± 0.04, over 30-fold more potent than GHRP-6. Table IV details selected biological data 
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from 63 compounds derived from formula IH, including (inip)bb(feg) with an EC50 of 0.25 ± 
0.19 (n=3); almost 25.fold more potent than GHRP-6. Table V details selected biological data 
from 23 compounds from formula U including (inip)b{wol) (EC50 = 10.6 ± 6.2; n=3) with a EC50 
roughly equivalent to GHRP-6. Table VI details selected biological data from "retroinverso " 
compounds including the most potent, (Ab)bBB(ram), with an EC50 of 2 nM (n=2). 
B. In Vitro Characterization 
In addition, representatives from novel classes of CHRP were further characterized in 
vitro to determine whether these compounds were acting in a manner analogous to "GHRP-6 \ 
The representatives include: from formula IV (inipVbbFK-NH2. from formula HI (inip)bb(feg) 
and from formula II (inip)b(wol). The characterization results are detailed below. All 
experiments had a mirximum of three replicates. 

1. Representative from Formula IV. 




(inip)-bbFK-NH2 

A representative dose response for GH release in the rat "pit" cell assay over a 15 min. 
exposure to increasing concentrations of (inip)-bbFK-NH2 is demonstrated in Figure 2 (see 
Example 38 for all assay protocols). GH release is significantly (P < 0.05) increased at 0.3 nM 
and reaches a plateau by 1 nM with an EC50 of 0.16 nM. The mean (n=3) EC50 for (inip)-bbFK- 
NH2 was 0.18 ± 0.04 nM, over 30-fold more potent than (GHRP-6) (6.2 ± 1.5 nM; n=5). 

To demonstrate that the novel (inip)-bbFK-NH2 was acting in a manner analogous to 
"GHRP-6", chaUenges were carried out using combinations of (GHRP-6), (inip)-bbFK-NH2 and 
GHRH (see Figure 3). GHRP-6 and (inip)-bbFK-NH2 (100 nM) both caused 3-fold increases in 
GH leveb, but no additional increase was observed when these two GHRP s were used in 
combination. This suggests that both GHRP s may act at the same site. In contrast, both 
GHRP's showed synergy with GHRH in the rat "pit" cell assay indicating that neither GHRP 
25 acts via the GHRH rece}>tor. 

A desensitization effect on the putative GHRP receptor was observed when cells were 
sequentially chaUenged with fresh (inip)-bbFK-NH2 every 15 min. (Figure 4). The GH release 
was decreased after the second 15 min. incubation (total 30 min. exposure to (inip)-bbFK-NH2) 
and no significant GH release compared to control occurred during the final (inip)-bbFK-NH2 
challenge. However when GHRH (10 nM) was added to the next 15 min. incubation, a 
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significant GH response occurred, consistent wift the model of separate receptors for GHRH 
andtheGHRFs. 

Somatostatin is known to suppress GHRP-stimulated GH release. At 1, 10 and 100 nM 
(inip)-bbFK-NH2 significant elevations of GH were observed. Somatostatin (20nM) 
coincubation with (inip)-bbFK-NH2 at the same concentrations suppressed this enhanced 
release (Figure 5). 

Other evidence that (inip>4>bFK-NH2 evokes the GHRP receptor includes the response 
to the GHRP receptor antagonist HwkWfK. As demonstrated in Figure 6, while high doses (10 
HM) were required, HwkWfK did antagonize (inip)-bbFK-NH2. 

The specificity of (inip)-bbFK.NH2 «« vitro was demonstrated in that LH, FSH, TSH or 
ACTH release was unchanged by 100 nM (inip)-bbFK-NH2. Prolactin concentrations were 
significantly increased but less than 2 fold (Figures 7-9). 

Ca++ flux determinations are shown in Figure 10. The left panels (A and C) show the 
basal Ca++ pattern immediately prior to addition of vehicle or (inip)-bbFK-NH2. Twenty-one 
(21) seconds after {inip)-bbFK-NH2 application the increased Ca flux in panel D is 
demonstrated by lighter colors in some of the cells of this heterologous population. As a 
control, addition of vehicle did not alter the Ca++ profUe (B), but addition of the calcium 
secretagogue ionomycin resulted in maximal stimulation of all the cells (data not shown). 
2. Representative from Formula III 




20 (inip)bb(feg) 

This novel GHRP is smaller by about one (lysine) amino acid residue compared to 
(inip)-bbFK-NH2 described above. Dose dependent GH release with (inip)bb(feg) is shown in 
Figure 11. GH release by rat pituitary cells to increasing concentrations of (inip)bb(feg) (left 
panel) over a 15 minute incubation shows a dose dependent increase. The right panel shows 
25 data points and curve used to calculate the EC50 of 0.09 nM for the GHRP (inip)bb(feg). The 
mean EC50 (n«3) for (inip)bb(feg) was 0.25 ± 0.19 nM. 

To demonstrate that (inip)bb(feg) also acts at the proposed "GHRP receptor", GH 
response to GHRP-6 (lOOnM) and (inip)bb(feg) (100 nM) was measured as shown in Figure 12. 
The combination of these two GHRP s produced a GH release significantly greater than the 
30 control but GH release was not synergistic when tiiese GHRP s were added in combination. 
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GHRH (100 nM) eUdted a mild GH response which was synergistic in combination with either 
GHRP-6 or (inip)bb(feg) indicating these GHRP s evoke a receptor different from GHRH. 

Somatostatin suppression of (inip)bb{feg)-stimulated GH release is shown in Figure 13 
GH release with 100 nM (inip)bb(feg) was totaUy suppressed in the presence of 20 nM 
somatostatin consistent with the SS suppression response of other GHRP s. 

Similarly, desensitization of the "GHRP receptor" upon challenging rat pituitary ceUs 
with three sequential 15 min. incubations with fresh (inip)bb(feg) is demonstrated in Figure 14. 
GH release from the same pituitary cells over three sequential 15 minute incubations with 
(inip)bb(feg) (100 nM) demonstrated a classic GHRP desensitization pattern. After a total of 45 
minutes, GH release was markedly decreased in response to (imp)bb(feg) but these cells were 
able to release more GH in response to a final 15 minute incubation with GHRH (10 nM). 
3. Representative from Formula II 



(inip)b(woI) 

This novel GHRP is still smaller than (imp)bb(feg), containing only two aromatic 
residues (b-wol) compared to the three for (inip)-bbFK-NH2 and (inip)bb(feg). A dose 
dependent GH release with (inip)b(wol) is demonstrated in Figure 15. GH release by rat 
pituitary cells to increasing concentrations of (inip)b(wol) (left panel) over a 15 minute 
incubation shows a dose dependent increase. The right panel shows the data points and curve 
used to calculate the EC50 of 3.9 nM for the GHRP (inip)b(wol). The mean EC50 (n=3) for 
20 (inip)b(wol) was 10.6 ± 6.2 nM. 

Again, to demonstrate that (inip)b(wol) acts at the proposed "GHRP receptor", GH 
response to GHRP-6 (lOOnM) and (inip)b(wol) (100 nM) was measured as shown in Figure 16. 
GH release with there two GHRP s was significantly greater than control but not synergistic. In 
contrast, GHRH (100 nM) elicited a mUd GH response which was synergistic in combination 
25 with either GHRP-6 or (inip)b(wol). 

Somatostatin suppression of (inip)b(wol)-stimulated GH release is demonstrated in 
Figure 17. GH release to 100 nM (inip)b(wol) was totaUy suppressed in the presence of 20 nM 
somatostatin consistent with the SS suppression response of other GHRP's. 

FinaUy, the desensitization effect of the "GHRP receptor" upon chaDenging rat pituitar>' 
cells with three sequential 15 min. incubations with fresh (inip)b(wol) is shown in Figure 18. 
GH release from the same pituitary cells over three sequential 15 minute incubations with 
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(inip)b(wol) (100 nM) demonstrated a classic CHRP desensitization pattern.. After a total of 45 
minutes, no significant release of GH was observed in response to (inip)b(woI) but these ceUs 
were able to release GH in response to a final 15 minute incubaticm with GHRH (10 nM). 
4. Summary of In Vitro Characterization 
Qearly, by the functional assays demonstrated herein, representatives from each novel 
class of compound (Formulas D, HI, IV and V) elicit GH release in a manner analogous to 
•GHRP-6". AU three classes of compounds released GH in a dose-dependent manner, were 
synergized by GHRH but not GHRP-6, and had receptor desensitization after continuous 
exposure to the GHRP while maintaining the ability to respond to GHRH; all consistent with 
these compounds working through the putative "GHRP receptor". These assays are weU- 
accepted and have been used extensively in the Uterahire. (Cheng el al. Endocrinology 132:2727- 
2731 [1993]; Blake and Smith, Journal of Endocrinology 129:11-19 [1991]; Cheng et al, 
Endocrinology 124:2791-2798 [1989]; Smith, Science 260:1640-1643 [1993J; and Akman et al, 
Endocrinoology 132:1286-1291 [1993]). 

AdditionaUy, a representative from Formula IV, (inip)bbFK-NH2, was further 
characterized and demonstrated a selective GH release from heterogeneous pituitary cells 
(excepting a mild, but significant increase in prolactin), ability to release GH via a Ca++ flux 
mechanism, and to be inhibited by a GHRP antagonist. (Bowers et al., Endocrinology 128:2027- 
2035 [1991]). 

20 These data are consistent witti the view that all four novel classes of GHRP s elicit GH 

release in a manner analogous to ••GHRP-6", and thus may opperate via the same mechanism to 
rel e ase GH in vitro. 
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2. In Vivo Activity in Nonnal Rats 

To determine if the new GHRP molecules showed efficacy in vivo, yoimg (90 day old) 
and adult (120 day old) rats were treated with the GHRP s of this invention and GHRH 
according to the protocols in Examples 41 and 44. Rat GHRH, which has been shown to 
increase body weight in normal yoimg female rats was used as a positive control in these 
experiments (Clark and Robiiison, Nature 314:281-283 [1985]). 
30 A. Body Weight Gain in Normal Rats 

Body weight gains plotted against time for the 5 treatment groups are shown in Figure 
19. Both (iiup) b b F K-NH2 and rat GHRH induced significant body weight gain compared to 
the vehicle exdpient rats. By Day 5 of treatment the weight gains of aU the treated groups were 
statistically sigruficantly greater than the excipient treated rats. The dose-related nature of the 
body weight gains to (inip) b b F K-NH2 is presented in Figure 19. The weight gain in response 
to the much larger dose of rat GHRH (600 ng/day) was very similar to that induced by the 
medium dose (20 ng/day) of (irup) b b F K-NH2. In addition, as litde as 4 Mg/day (equal to 166 
ng/hr) of (irup) b b F K-NH2 induced a significant weight gain in yoting nomud rats. The great 
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potency of (imp) b b F K-NHj can be seen from this comparison vrith GHRH and from the very 
low dose required to induce a significant anaboUc effect in vivo. 

Body weight gains plotted against time for the groups of normal adult female rats 
treated with other GH secnrtagogues are shown in Figure 26. The groups treated with GHRH 
and GHRPs 6, (inip)bbF-NH2, and (inip)b(nmb)(bam) showed significant body weight gain but 
theg^up treated with L-692385 showed no significant weight gain. Although the response to 
GHRP (mip)bbF-NH2 appears to be larger than that to the other secretagogues, this difference 
was not statistically different. T^e weight gain in response to GHRP (inip)bbF-NH2 (36 ± 8 g in 
7 days) was simUar to that to GHRP (inip) b b F K-NH2 (36 ± 3 g in 14 days) shown in Figure 



Thes. studies show the various classes of GH secretagogues of this invention have 
sxgmficant anabolic effects in normal rats with intact pituitary function. One prior art molecule 
With minimal activity was L-692,585 a molecule of relatively low potency both in vitro and in 
vn^.ltis believed, however, that if a larger amount of this molecule had been given significant 
15 anabolic effects would have resulted . 

B. Q^an Weight Gain in Young Normal Rats 
Organs were weighed at sacrifice in these experiments to measure the effects of these 
b^atments on the major organ systems. The pihutary and the kidney weight were not affected 
by treatment Spleen weight was increased by high dose (inip) b b F K-NH2 (100 ^g/day) and 
by GHRH (exdpient 532 ± 25 mg; high dose (inip) b b F K.NH2. 628 ± 26 mg; GHRH 624 ± 23 
mg). Heart weight was increased by GHRH treatment (p<0.05) and tended to be increased by 
high dose (inip) b b F K-NH2 (p<0.10 but >0.05) compared to exdpient treated controU. The 
thymus was also increased in weight by both (inip) b b F K.NH2 and GHRH. Tl,ymus weight 
in excipient treated rats was 485 ± 21 mg, 584 ± 34 mg in high dose (inip) b b F K-NH2 treated 
rats , and 575 ± 39 mg in GHRH treated rats. Ihe liver increased in weight in a dose- 
dependent manner with (inip) b b F K-NH2. n^e weight of the liver in the exdpient treated 
rats was 8.75 ± 0.24 g, and with increasing doses of (inip) b b F K-NH2 Uver weight increased 
from 9.40 ± 0.37 g to 9.70 ± 0.29 g and 10.14 ± 0.29 g for low medium and high doses of (inip) b 
b F K-NH2, respectively. Liver weight was also significantly increased by treatment with 
GHRH. In these experiments there was no statisticaUy significant increase in epiphyseal plate 
width with either (inip) b b F K-lvJH2 or GHRH treatment. 

C. Organ and Body Weight Gain Summary 
•ntese experiments shows that (inip) b b F K-NH2 has a range of anabolic effects in 
normal young female rats. This anabolic effect was seen by increases in body weight, liver 
weight, spleen weight and thymus weight, with a tendency for heart weight to also increase 
compared to excipient treated control rats. The effect of the GHRP (inip) b b F K-NH2 was 
also dose related with doses of 4, 20 and 100 ng/rat/day aU being effective anabolic doses In 
these experiments the two highest doses of (inip) b b F K.NH2 had equivalent effects. 
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Tlierefore as Uttle as 166 ng/hr of (inip) b b F K.NH2 (for 200 g rats; 0.83 »ig/kg/hr) was 
effective at inducing an anabolic effect. 

The dose-related effect of (inip) b b F K-NH2 on the liver is a good indicator of the 
amount of GH secretion caused by the CHRP (inip) b b F K-NH2. Liver growth is partictdarly 
5 sensitive to stimulation by GH, and the increased liver weight is the expected response to an 
increased secretion of GH caused by both (inip) b b F K-NH2 and GHRH. Kidney shows a 
relatively poor growth response to GH treatment; the lack of an effect of (inip) b b F K-NH2 on 
this organ is therefore the expected result. Wagner and Scow, Endocrinology 61:419-425 (1957); 
Clark et aL, Endocrinology and Metabolism 1:49-54 (1994). 

10 The effects of (inip) b b F K-NH2 on the weight of the thymus and spleen indicate that 

the instant novel GHRPs would be expected to stimulate immune function. Other studies 
have shown that GH and IGF-1 can significantly stimulate immime function, so it would be 
expected that GHRPs of this invention, by increasing GH secretion, would also stimulate 
immune function (KeUey, Ann. N.Y. Acad. ScL 594:95-118 (1990), Clark et aL, /. Clin, Invest 

15 92:540-548 (1993). 

(inip) b b F K-NH2 tended to increase cardiac weight, indicating a significant anabolic 
effect of this GHRP on ttie heart. GH and IGF-1 have been shown to be efficacious in animal 
models of congestive heart failure, and there is data that GH is effective in humans at 
improving cardiac function in growth hormone deficient adults. This data suggests that (inip) 

20 b b F K-NH2 would also be effective at improving cardiac function and in the treatment of 
cardiac congestive heart failure (Sacca et al. Endocrine Reviews 15:555-573 [1994]). 

The GHRP (inip) b b F K-NH2 was also effective at stimulating an anabolic response 
when delivered by continuous infusion. The delivery of (inip) b b F K-NH2 by SC infusion is 
an effective treatment and a similar effect could be achieved by any method that maintained a 

25 near continuous exposure of the instant GHRP s. For example, oral delivery, transdermal 
patch, or other delivery systems designed to maintain a continuous exposure to these GHRP s 
would be appropriate. 

D. Comparison of GHRP Infusion Versus Injections in Normal Rats 
Body Weight Gain: The GHRP (irup) b b F K-NH2 at 20 and 100 Mg/day, delivered by 

30 both injection and infusion, induced significant body weight gain compared to excipient 
treated rats (see Example 42). By Day 2 of treatment, the weight gains of all the treated groups 
were statistically significantly greater than the excipient treated rats. The dose-related nature 
of the body weight gains to injections of (inip) b b F K-NH2 can be seen in Figure 20. In 
contrast there were similar weight gains in response to infusions of 20 and 100 ^g/day of 

35 (inip) b b F K-NH2. In addition, there were very different patterns of weight gain in response 
to infusions or injections of (inip) b b F K-NH2 as can be seen in Figure 21. 

Figure 21 also shows an initial rapid weight gain over 2 days in response to the high 
dose of infused (inip) b b F K-NH2 (100 ^g/d), followed by a marked absence of any further 
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. °°°T '° " K-hBis =uU„..in«. . 

«gn^.growU.,e,pa„.. -^X o' 10 « o, tt„ CHRP (,„ip, b b F K-NH, 

S P'oduced. large (30 gram) wdghtgiUn in. dull feDud. rats. 

a. i^crifc. we,. „,.,„,«, 
section versesintusion of (iiiip)bbFK.lMH-.r,n-,.;„ to eneets of 

. . ^ ' ° " '"'2 °" l"^' "'«"> syxons. Hw eviscerated and 

s^d ca,c«» was .ignificanuy heavier in dv, high dose (152.4±15 g) and low dose (1528± 
g) b b P K-NH, injected anin.als compared .o control , „ 3 /^sC 
hea«^ „ anin^ls injected wiU. (inip, b b F K-NH, and in d.ose inh^ed wid, low dose (inip, 
b b F K.NH2 co..p^ ,„ control animals. When d,e skin and ca™^ weigh, were express^ 

asap««.Ugeor body weigh. d»„ was no signiflc.n.e«ec,d„eto«a.,nentindic«ngd„, 
*. weigh, gam was due .o a propordonal increase in «,e whole body size of tt.e rau. ^leus 

F K .gn^^dy mcreased hear, weigh, compared .„ con.roU ,1.15 * 0 ,0 g vs. 0 ,6 . 
0.^ S . Ihymu. weigh, wa. increase, by high dose injecdons o, ,inip, b b F K-NH, (0.33 1 
0.OZ g) compared U> high do., infusion animals (0.25 ± 0.03 g). Epiphyseal plate wida, „.I 
mcreased by high dose (inip, b b P K-NH, m^ecdons . , mI, dmpaL .olw dl 
(.«) ± n Mm, wh„«. (inip, b b F K-NH, i„f»^ aid no. .^.«c.„dy increl: 

cartdagegrowdv SerumlGP-l conc«.ha«on. wer.no.signific.nUy affected by ei*^^ 
delivenng(inip)bbFK-NH2. ^uiermoaeoi 

levek "^r^*^" "'""^ " ^P^^' "''^^^^ Enzyme 

levels md^cat^ve of cardiac, liver, muscle and kidney function were measured I„ere werll 
statistically significant effects of (inip) b b F K-NH, m addition » k ! 

\ PfODrf^Nn2- m addition, metabolites (glucose, blood 
urea n«ogen creadni™, ,otel protein, alb»m». cholesterol, biUrubin, and iom (calcium 
phosphate, sodium, p«assium and ch,»ide, were m«»ured. Ih. only metebolite showing 
»me evidence „, changing was die serum «g,y„ride. The,, was «,me evidence d„, serum 
.ngl^de was mceased by high dose injecdons o, a.e CHRP (imp, b b F K-NHj bu. no. by 

'°ZTTl"^'"' * " * iow dose m . „ mg%' 

.tthough dus e«ec failed .o reach sttdsBcal significance. 

IWs expertmo,. cleariy shows tt,a. d,e CHRP (inip) b b F K-NHz "hen given bv 
eidter mjecions or infusions h.s . nmge of anabolic effe«s in nonn.1 adul, female rau Ihis 
gn>wd, promoting rffec. was seen by increases in body weigh, gain, carcass weigh,, skin 
weight he.,, weigh, „d d,ymu, weigh, compare, ,o exdpien, .reated con.,o, rau In d.is 
««P«=ten. «vo injections per day of 10 Mg of (inip, b b F K-NHj caused a weigh, gain nearly 
«^.^^d^.ofn.oinjectionsperd.y„f50Mgof(inip,bbFK.^m3.•^^^ 
b b P K.NH2 (fbr 20O g r.tt; 50 Mg Ag/day, appears to be a maximal dose of (inip, b b F K- 
NH2 for inducing an anabolic response. Acute intiavenous injection experimenis Witt, (inip, b 
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b F K-NH2 in 80 gram rats (Example 40) over a 25-f61d range of doses (e.g. 1.0, 0.2, and 0.04 
Mg/injection) demonstrates that induction of GH secretion occurs within this dose-response 
range (ED50 O^g/rat). In 200 g rats this suggests that a lOpg dose of CHRP (inip) b b F K- 
NH2 would be well above the effective doses-responses range. 
5 There were differences between the anabolic effects of (inip) b b F K-NH2 in 90 vs. 150 

day old rats. In the older rats there was no clear effect on liver weight or spleen weight as 
seen with CHRP (inip) b b F K.NH2 infusion in the younger rats, (inip) b b F K-NH2 
injections increased thymus weight, suggesting that these GHRPs can stimulate growth of 
immune tissue and therefore increase immune function. Other studies have shown that GH 
10 and IGF-1 can significantly stimulate immune function, so it would be expected that GHRP's 
of this invention, by increasing GH secretion, would also stimulate immune function. KeUey, 
Ann. N.Y. Acad. Sci. 594:95-118 (1990), Clark et al, /. Clin. Invest. 92:540-548 (1993). CHRP (inip) 
b b F K-NH2 tended to increase cardiac weight, indicating an effect on the heart structure and 
function. GH and IGF-1 have been shown to be efficacious in models of congestive heart 
15 failure and this data suggests that (inip) b b F K-NH2 would also be effective in the treatment 
of congestive heart failure. Sacca et al. Endocrine Reviews 15:555-573 (1994). 

The GHRP (inip) b b F K-NH2 was clearly effective at stimulating an anabolic 
response when delivered by both injections and continuous infusion. The deUvery of (inip) b 
b F K-NH2 by twice daUy subcutaneous injection appears to be an effective meAod of GHRP 
20 deUvery. Other methods of delivery that would produce a similar blood profUe of GHRP, for 
example oral deUvery, deUvery to the lung, or other deUvery systems designed to maintain an 
intermittent exposure to GHRP would also be an effective means of inducing GH secretion 
and thereby the effects of GH. 

The normal serum chemistries indicate that the effects of (inip) b b F K-NH2 can occur 
25 without perturbing the normal baUmce of blood metaboUtes and ions. The one possible 
exception was the tendency for serum triglyceride to be increased by high dose injections, but 
not by low dose injections of the GHRP (inip) b b F K-NH2. This may indicate that very high 
doses of (inip) b b F K-NH2 can impact the ACTH system and induce corticosterone activity. 
However 10 ng injections of (inip) b b F K-NH2 did not seem to affect serum lipids, indicating 
30 that this dose, while maximally stimulating GH secretion, has a minimal effect on 
corticosterone secretion. 

E. Combination GHRP and IGF-1 Treatment of Normal Rats 
Normal adult female rats were chosen to study the anabolic effect of GHRP s 6, 
(irup)bbF-NH2, (inip)b(nmb)(bam), and L-692385 when given in combination with IGF-1. 
35 Details of &ie protocols for this study are described in Example 44. 

The body weight gain responses to the GH secietagogues given in combination with 
IGF-1 (Figure 27) were much greater than those to the GH secretagogues given by themselves 
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(Figure 26). In addition, the responses to the combination of the GH secretagogues and IGF-l 
tended to be greater than to IGF-l alone. 

This study shows for the first time that GHRP has significant anaboUc activity when 
given in combination with chronically administered IGF-l. Furthermore, there is an 
additional anabolic benefit of administering the combination of GH secretagogues and IGF-l . 

3. In Vivo Activity in ZDF Rats 

A. Combination GHRP and IGF-l Therapy in Obese Rats 
It is known that IGF-l inhibits GH secretion by a feedback mechanism either acting 
indirectiy on the hypothalamus or directiy on the pituitary. Tannenbaum et al.. Science 220:77- 
79 (1981). It is also known titat GHRH induced GH secretion is suppressed by IGF-l 
administration. (Bermann et al.. Program and Abstracts 76th Annual Meeting US Endocr Soc 
Abstract 565, (1994). It was however unknown if GHRP could induce GH secretion or' 
produce effects, in combination witit IGF-l administration. The protocol for IGF-l 
administration in combination witi. GHRP and GH is provided in Example 43. Rat GHRH 
which has been shown to increase body weight in normal female rats was used as a positive 
control in the experiment. 

Body Weight Gain: Hie body weight gains plotted against time for all treatment 
groups over the entire study (ie. 24 days) are shown in Figure 22. Body weight gains for the 
first 7 days for the GHRP (inip) b b F K-NH2 and IGF-l tieatinent groups are shown in Figure 
23. Both (inip) b b F K-NHj and rhIGF-1 induced significant body weight gain compared to the 
vehicle treated rats, so that by Day 2 (see Figure 23) of treatinent, the weight gains were 
statistically significantiy greater than the excipient heated rats ((inip) b b F K-NH2: 18.3 ± 1.0 g, 
rhIGF-1: 21.5 ± 0.7 g, and obese controls: 13.8 ± 0.4 g). Treatinent with rhGH had not increased 
weight gain by this time (13.6 ± 23 g). The weight gain in response to the GHRP (inip) b b F K- 
NH2 plus rhIGF-1 (26.8 ± 0.8 g) was greater (p<0.05) tium that to the combination of rhGH . 
rhIGF-1 (23.3 ± 1.2 g). At day 7 of treatinent these differences in weight gain were maintained 
By day 24 of treatinent (Figure 22) the weight gain response to (inip) b b F K-NH2 plus IGF-l 
(247.4 ± 7.1 g) was similar to that to rhGH + rhlGF-l (245.2 ± 4.9 g) and much greater than that 
of obese conbrols (169.0 ± 1.6 g) and significantly greater (p<0.05) than for rhIGF-1 treatinent 
alone (232 ± 2 g). It was surprising tiiat GHRP (inip) b b F K-NH2 could induce a weight gain 
when given in combination with IGF-l, and ti.at this weight gain was equal to that of a large 

doseof rhGH and fliat the effects of the combination of GHRP and rhIGF-1 gave weight gains 
greater tiian or equal to those of the combination of rhGH and rhIGF-1. 

35 B. Combination GHRP and IGF-l Treatinent of Diabetic Rats 

Obese Zucker Diabetic Fatty (ZDF) rats were chosen to stiidy the diabetogenic effect 
of GHRP when given in combination with IGF-l. Details of tiie protocols for this shidy are 
described in Example 43. 
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Blood glucose: High concentrations of blood glucose were used to define the diabetic 
state of an animal. Rats were started on treatment before diabetes had developed (there was 
no difference between lean and obese blood glucose values at day 0). Figure 24 shows the 
changes with time in fasting blood glucose for the 6 obese groups and the lean controls. By 
day 14 the obese rats were dearly diabetic (obese controls 218 ± 27 mg%, lean controls 140 ± 3 
mg%). Treatment with rhGH gave a greater (p <0.05) increase in blood glucose (504 ± 38 
mg%) than did the GHRP (inip)bbFK-NH2 (386 ± 63 mg%). m addition the combination of 
GHRP (inip)bbFK-NH2 plus IGF-1 resulted in a blood glucose value of 190 ± 27 mg% 
comparable to that for rhGH + IGF-1 treatment of 233 ± 49 mg%. 

On Day 24 the blood glucose of the obese diabetic rats had risen to more that twice 
that of the lean controls (147 ± 4 mg% vs. 330 ± 57 mg%) and values were significandy (p<0.05) 
higher for rhGH treated rats (725 ± 30 mg%) than for GHRP treated rats (542 ± 37 mg%). Ihis 
difference between rhGH and GHRP was also observedin combination treatment with rhlGF- 
1. GHRP plus rhIGF-1 resulted in a lower blood glucose measurement (301 ± 53 mg%) than 
did rhGH + rhIGF-1 treatment ( 512 ± 55 mg%). However the glucose values in the GHRP + 
IGF-l treated group were elevated (p<0.05) compared to animals receiving rhIGF-1 alone (177 
±4mg%). 

Serum Insulin: At Day 0 the levels in obese rats were elevated compared to lean 
controls, but there were no differences between the levels in the obese treatment groups. At 
week 1 IGF-1 treatment significantly reduced serum insulin (obese control, 21 ± 2 ng/ml; IGF- 
1 treated, 8 ± 1 ng/ml ). By itself GHRP (inip)bbFK.NH2 elevated serum insulin 39 ± 6 ng/ml 
as did rhGH treatment (48 ± 6 ng/ml). However the combination of GHRP (inip)bbFK-NH2 
plus IGF-1 significantly lowered insulin (to 10 ± 2 ng/ml) compared to the combination of 
rhGH plus IGF-1 (25 ± 3 ng/ml, p <0.05). Therefore there was evidence that the combination 
of GHRP (inip)bbFK-NH2 and IGF-l stimulated insulin secretion to a lesser extent (was less 
diabetogenic) than the combination of GH and IGF-1. 

Insulin Sensitivity: At Day 24 the sensitivity of the animals to insulin was gauged by 
measuring blood glucose 30 minutes after an insulin challenge (Figure 25). FoUowing insulin, 
absolute blood glucose values were again higher in obese diabetic animals (277 ± 42 mg%) 
than in lean animals (84 ± 8 mg%). However, blood glucose was now reduced in GHRP 
treated animals to levels ( 323 ± 67 mg%) not different from those of the obese controls. In 
contrast, in rhGH treated rats, glucose remained significantly (p<0.05) elevated (533 ± 55 
mg%) compared to obese controls or GHRP treated rats. A similar difference between rhGH 
and GHRP treatment was seen when they were combined with rhIGF-1 treatment. Blood 
glucose was significantly (p<0.05) lower in GHRP + rhIGF-1 treated rats (238 ± 47 mg%) than 
in rhGH + rhIGF-1 treated rats (388 ± 48 mg%). 

These experiments compare the aiuibolic and diabetogenic effects of administered GH 
and GHRP in a rat model of Type H diabetes. These experiments show for the first time that 
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administered GHRP s have significant anabolic activity when given in combination with IGF- 
1. This anabolic activity was equivalent to that induced by treatment with GH plus IGF-1. In 
contrast, administering GH caused significantiy greater insulin resistance, as measured by 
serum glucose and insulin, and by an insulin challenge, than did administered GHRP, even 
when they were given in combination with rhlGF-l. Ihis study shows that the diabetogenic 
effect of GHRP (inip)bbFK-NH2 was significantly less than that of rhGH, at doses that 
produced similar anabolic effects. 

F. Administration 

Ihe present invention also provides compositions containing an effective amount of 
compounds of the present invention, including the nontoxic addition salts, amides and esters 
thereof, which may, alone, serve to provide the above-recited therapeutic benefits. Such 
compositions can be provided together with physiologically tolerable liquid, gel or solid 
diluents, adjuvants and excipients. 

The compounds and compositions can be administered to mammals including humans 
in a manner similar to other therapeutic agents. The dosage to be administered will depend on 
the usual factors including; age, weight, sex, condition of the patient and route of 
administration, m general, the dosage required for therapeutic efficacy will range from about 
0.001 to 1000 Mg/kg, more usuaUy 0.01 to 2.5 ng/kg of the host body weight. Alternatively 
dosages within these ranges can be administered by constant infusion over an extended period 
of time until the desired therapeutic benefits have been obtained. 

Typically, such compositions are prepared as injectable liquid solutions or suspensions. 
Compositions may also be emulsified. The active ingredient is often mbced with dUuents or 
excipients which are physiologicaUy tolerable and compatible with the active ingredient. 
Suitable dUuents and excipients are, for example, water saline, dexbose, glycerol, or the like, 
and combinations thereof. In addition, if desired the compositions may contain minor amounts 
of auxiliary substances such as wetting or emulsifying agents, stabiUzing or pH-buffering 
agents, and the like. For a more detailed description of the foregoing see a standard 
pharmaceutical text such as Remington's Pharmaceutical Sciences, Mack Publishing Co. Easton 
30 PA. (1970). 

The compositions of this invention ate conventionally administered parenterally by 
injection, eitiier subcutaneously or intravenously. Additional formulations which are suitable 
for other modes of administration include suppositories, intranasal aerosols, and, in some 
cases, oral formulations. For suppositories, traditional binders and excipients may include, for 
example, polyalkylene glycols or triglycerides; such suppositories may be formed from 
mixhires containing the active ingredient in the range of 0.5% to 10% preferably l%-2%. Oral 
formulations include such normally employed excipients as, for example, pharmaceutical 
grades of mannitol, lactose, starch, magnesium stearate, sodium saccharin, cellulose. 
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magnesium carbonate, and the like. These compositions take the form of solutions, 
suspensions, tablets, pills, capsules, sustained-release formulations, or powders, and contain 
10%-95% if active ingredient, preferably 25%-70%. 

The peptidomimetic compoimds may be formulated into the compositions as neutral or 
5 salt fomis. Pharmaceutically acceptable nontoxic salts include the acid addition salts (formed 
with the free amino groups) and which are formed with inorganic acids such as, for example, 
hydrochloric or phosphoric adds, or organic acids such as acetic, oxalic, tartaric, mandelic, and 
the like. Salts formed with the free carboxyl groups may be derived from inorganic bases such 
as, for example, sodium, potassium, ammonium, caldtun, or ferric hydroxides, and such 
10 organic bases as isopropyl amine, 2-ethylamino ethanol, histidine, procaine, and the like. 

EXAMPLES 
General Experimental: 
The compoimds synthesized via the routes shown in Scheme I- VI followed standard 
15 solid-phase methodologies (Barany, G. and Merrifield, R. B. (1980) in "The Peptides", 2, 1-284. 
Gross, E. and Meienhofer, J. Eds. Academic Press, New York.). 

The chemical name abbreviations for common reagents and unusual amino acids used 
in the examples below are defined as follows (for the definition of acronyms specific to the 
Tables of Example 39, see Table I): 

20 

L-a-Naphthylalanine or (L-3-(l-naphthyl)-Alanine) 
tert-Butyloxycarbonyl 

benzotriazoI-l-yloxy-tris-(dimethylamino)-phosphonium- 

hexafluorophosphate 
bis(2-oxo-3-oxazolidinyl) phosphinic chloride 
Benzyloxycarbonyl 

L-p-Naphthylalanine or (L-3-(2-naphthyl)-Alanine) 
D-P-Naphthylalanine or (I>3-(2-naphthyl)-Alanine) 
Dichloromethane 
EHisopropylcarbodiimide 
Diisopropylethylamine 
N,N-E>imethylformamide 
N,N-Dimethylacetamide 
Dimethylsulfoxide 

l-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride 
Huorenyloxymethylcarbonyl 

I2-(lH-benzotria2ol-l-yl)-l, 1, 3, 3-tetramethyluronium] 
hexafluorophosphate 
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oNal 
BOC 
BOP 

25 BOP-Cl 
CBZ 
PNal 

DpNal 
DCM 

30 DIPC 
DIPEA 
DMF 
DMA 
DMSO 

35 EDC 
FMOC 
HBTU 
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HOBt 


Hydroxybenzotriazole 


inip 


Isonipecotic acid (Piperidine-4s:arboxylic add) 


MBHA 


p-methylbenzhydxylamine 


MeOH 


Methanol 


MS 


Mass Spectrometry 


N-Me 


N-Methyl 


NMM 


N-Methyl morpholine 


NMP 


N-Methyl pyrolidinone 


TEA 


Triethylamine 


TFA 


Trifluoroactic add 


THF 


Tetrahydrofuran 
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D pl««J brfo,. I, «g„ifyi^ tt» d«.™,ot«oo. «»nliom., (U. D-Ph. is D-PhenyUl.™,.) 

Tl» g«^ay pretercd soUd phase ch=„»hy p,«„cob for tt» syntt^u of p.pUdic 

P^^ocols «e *ow„ blow. :„ . ^ ^^^^^ J 

contrary, ft, foUowing cbemftry ^p,^^ ^, e„„p„„„ds i„ U,. 

examples: 
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Standard BOC Chemistry Cycle: 

1) 3X1 min. DCM 

2) check ninhydrin, recouple if positive 

3) 1 X 1 min. 45% TFA* 
25 4) IX 25 min. 45% TFA 

5) 1 X 30 sec DCM 

6) 1 X 1 min. MeOH 

7) 2 X 1 min. DCM 

8) 1 X 1 min. 10% TEA/DCM 
30 9) 1 XSmin. 10% TEA/DCM 

10) 3 X 1 min. DCM 

11) add preactivated amino add and couple for 1 h 

12) go to step 1 

• 45% TFA » 45% TTA, 45% DCM, 5% anisole, 5% ethane dithiol (by volume) 
35 Notes: 

a) For peptide amides, use MBHA resin and start the synthesis at step 7. 

b) For the coupling of standard amino acids, premix 3 equiv. of amino acid, BOP, and HOBt in 
DMA for 10 min., add 3 equiv. of NMM, then add mixture to the peptide resin. Gentle 
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bubbling of nitrogen into the slurry my means of a glass frit is a preferred method of agitation 
during the reaction and washing steps. 

c) For coupling to N-a-alkyl-amino acids, use 3 equiv. of amino acid and DIPC, overnight. 
Alternatively, 3 equiv. of amino acid, BOP-Cl, and DIPEA in DCM, ovemi^t may be used. 
5 d) To fuUy deblock and cleave the peptide from the resin, add (per 1 g resin) 10 mL of HF, 1 mL 
of anisole, and 0.5 mL of ethylmethylsulfide and stir at 0*» C f or 1 h (for peptides containing Trp, 
0.25 g of p-cresol must be added). After the HF is removed, the residue is triturated with ether, 
collected on a glass frit, and washed several times with ether. The crude peptide is extracted 
off the resin by washing successively with 10% HOAc/water, HOAc, acetonitrile, 10% 
10 HOAc /water, and water. The combined filtrates are frozen and lyophilized. Purification, 
preferably via reverse phase (018) HPLC using an acetonitrile (0.1% TFA)/water (0.1% TFA) 
gradient, provides the pure peptide. 

Standard FMOC Chemistry Cycle: 
15 1)5X1 min. DMA 

2) check ninhydrin, recouple if positive 

3) 1 X 1 min. 20% piperidine/DCM» 

4) 1 X 15 min. 20% piperidine/DCM 

5) 5 X 1 min. DMA 
20 6) 1 X 1 min. DCM 

7) add preactivated amino acid and couple for 30 min. to 1 h 

8) go to step 1 

* For the synthesis of peptide acids, the following protocol may be used after 

deprotection of the second amino acid to prevent the formation of diketopiperizine. Continue 
25 from step 3: 

4a) IX 30 sec DMA 

5a) 1X30 sec DCM 

6a)lX30secDMA 

7a) 1 X 30 sec DCM 
30 8a) Add preactivated amino acid and couple for 30 min. - 1 h 

9a) go to step 1 above 

Notes: 

a) For peptide amides, use FMCXT-Am-resin (see below for synthesis), pre-swelled with DCM, 
and start the synthesis at step 3. 
35 b) For coupling of standard amino acids, premix 3 equiv. of the amino acid and BOP in 
DMA/IXZM (1:1) for 10 min., add 3 equiv. of NMM, and add the mixture to the peptide-resin 
slurry in DMA/DCM (1:1), under gentle nitrogen bubbling. 
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c) For coupling to N-o-alkyl-amino acids, use 3 equiv. of amino acid and DIPC in DCM 
overnight. Alternatively, 3 equiv. of amino add, BOP-Cl, and DIPEA in DCM, overnight, mav 
be used. ' ^ 

d) To fuUy deblock and cleave the peptide from the resin, add (per 1 g of resin) 10 -15 mL of 
95% -ITA/triethylsUane (v/v) and shake or stir at room temperature for 1 h. The TFA is 
removed under vacuum and the residue is triturated with ether, collected on a glass frit, and 
washed several times with ether. The crude peptide is extracted off the i.sin by washing 
successively with lO-Zo HOAc/water, HOAc, acetonitrile, 10% HOAc/water, and water The 
combined filtrates are frozen and lyophilized. Purification, preferably via reverse phase (CIS) 
HPLC using an acetonitrile (0.1% TTA)/water (0.1% TFA) gradient, provides the pure peptide 
e) FMOC-Am-resin was prepared as follows: 60.5 g (0.47mmol/g, 28.4 mmol. Advanced 
Chemtech #SA5002) of aminomethylated polystyrene resin was placed in a sintered glass 
funnel taction vessel and sweUed with DCM for 20 min while being agitated with nitrogen 
bubblmg. -n,e solvent was removed by applying a vacuum to the bottom of the hmnel and 
10% TCA in DCM added. After 20 min.. the resin was washed with three portions of DCM and 

a solution of 23.0 g of p-[(R, S)-a-[l-(9H-Huoren-9-yl)methoxyfonnamido]-2 4- 
dimethoxybenzyl]-PA (42.6 mmol, Novachem) in 100 mL of DMA added. 100 mL of a 1 M 
solution of DIPC in DCM (100 mmol, was added and the thick suspension agitated for 3.5 h 
The resm was washed five times with DMA, twice with DCM, and twice with methanol 
Drymg in vacuo gave 70.2 g of FMOC-Am-resin at approximately 0.40 mmol/g subsHtution 



Example 1 




HN^ H n 




(inip)-DpNal-DpNal-Phe-Lys.amide, 
TFA salt 
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Method A 

Step A: (N-e-BOOLyMAm-resin) 

FMOC-Am-resin (10 g, 0.50 mmol/g, 5.0 mmol) was deblocked by agitating with 20% 
piperidine in DMA for 15 min foUowed by successive washes with DMA (5X) and DCM (IX). 
5 The resin gave a positive test with ninhydrin. A solution of 9.37 g (20.0 mmol) of FMOC-(N-e- 
BOC)-L-Lysine, 8.85 g (20.0 mmol) of BOP, and 3.31 mL (30.0 mmol) of NMM in 30 mL of 
DMA was added and the solution agitated for 1 h. The resin was washed (5X) with DMA and 
shown to give a negative ninhydrin test. The N-a-FMOC protecting group was removed with 
20% piperidine in DMA for 15 min, foUowed by successive washings with DMA (5X) and DCM 
10 (IX) to give (N-E-BOC)Lys.(Am-resin). 



Step B: Phe^N-E-BOOLys-(Am-iesin) 

A solution of FMOC-L-Phenylalanine (7.75 g, 20.0 mmol) and BOP (8.85 g, 20.0 mmol) in 50 mL 
of DMA/DCM (1:1) was preactivated for 10 min and added to the (N-£-BOC)Lys-(Am-resin) 
from Step A, foUowed by NMM (331 mL. 30.0 mmol). After 1 h, the resin was washed with 
DMA (5X, ninhydrin negative), deblocked with 20% piperidine in DMA for 15 min, and 
washed again with DMA (5X) and DCM (IX) to give Phe-(N-e-BOC)Lys-(Am.resin), displaying 
a positive ninhydrin test. 



20 StepC: DpNal-Phe-W-e-BOQ-Lys-CAm-resm) 

FMOC-D-p-naphthylalanine (4.37 g, 10.0 mmol) and 4.42 g (10.0 mmol) of BOP in 50 mL of 
DMA/DCM (1:1) was preactivated for 10 min, 1,65 mL (15.0 mmol) of NMM was added, and 
the mixture added to the Phe-(N-e.BOC)Lys-(Am-resin) from step B. After agitation for 2 h, the 
resin was washed with DMA (5X, ninhydrin negative), deblocked with 20% piperidine in DMA 

25 for 15 min, and washed again with DMA (5X) and DCM (IX), to give DPNal-Phe-(N-e- 
BOC)Lys-(Am-resin), displaying a positive lunhydrin test. 



Step D: FMOC-DpNal-DpNal-Phe-(N-e-BOC)Lys-(Am-re8in) 

FMOC-DpNal (4.37 g, 10.0 mmol) and 4.42 g (10.0 mmol) of BOP in 50 mL of DMA/DCM (1:1) 
was preactivated for 10 min and added to the DpNal-Phe-(N-£-BOC)Lys-(Am-resin) from step 
C, foUowed by 1.65 mL (15.0 mmol) of NMM. After agitation for 3 h, the resin was washed 
with DMA (5X, ninhydrin negative), DCM (2X), and methanol (2X). The resin was dried in 
vacuo to give 15.6 g of FMOC-DpNal-DpNal-Phe-(N.E-BOC)Lys-(Am-resin) with a substitution 
level of approximately 0.32 mmol/g. 

Step E: N-FMOC-Isonipecotic acid 

To a solution of 10.0 g (77.4 mmol) of isonipecotic acid (Aldrich) in 1 N sodium 
carbonate /dioxane (1:1) at 0 "C, was added 21.1 g (77.4 mmol) of 9- 
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fluorenylmethylsucdnimidyl carbonate, portionwase. After 14 h, the dioxaite was removed in 
vacuo, and the suspension dUuted with 1200 mL of water. After extraction wiA 2 portions of 
ether (discarded), the aqueous solution was cooled in an ice bath and acidified to pH 3 with 
concentrated hydrochloric acid. The slurry was extracted twice with ethyl acetate and the 
combined organics washed with water, brine, dried over anhydrous magnesium sulfate, and 
filtered. The filtrate was concentrated to 500 mL, diluted with 700 mL of hexane, and placed in 
a refrigerator overnight. The product was collected on a fUter and dried in vacuo to give 25.8 g 
(95%) of N-FMCXr-isonipecotic acid as a colorless solid. 

Step F: (inip)-D3Nal-DpNal-Phe-Lys-amide, TEA salt 

FMCX:-DPNal-DPNal-Phe-(N-£-BOC)-Lys-(Am-resin) (1.0 g, 0.32 mmol) was swelled with 
DCM for 15 min, deblocked with 20% piperidine in DMA for 15 min, and washed with DMA 
(5X) and DCM (IX), to give D3Nal-DPNal-Phe.(N-£-BOC)-Lys-(Am-resin), displaying a 
positive ninhydrin test. A preactivated solution of N-FMOC-isonipecotic acid (462 mg 132 
mmol), 583 mg (1.32 nunol) of BOP, and 0.217 mL (1.98 mmol) of NMM in 10 mL of 
DMA/DCM (1:1) was added. After agitation for 2 h, the resin was washed with DMA (5X, 
ninhydrin negative) and deblocked with 20% piperidine in DMA for 15 min. The resin was 
washed again with DMA (5X) and DCM (3X) then dried in vacuo. The dry resin was 
suspended in 10 mL of IPA and 0.50 mL of triethylsilane added. The mixture was agitated for 
1 h. concentrated in vacuo, and the resin washed 3X with ether. The crude peptide was 
recovered from the resin by washing with 10% aqueous HOAc, followed by acetonitrile. The 
combined filtrates were lyophilized to give 140 mg of a soUd. A 70 mg aliquot was purified by 
reverse phase HPLC (15-20»x, 300 A, Vydac C-IS, IX 50 cm, gradient: 23 - 38% acetonitrile (0 1% 
TFA) in water (0.1% TFA) in 60 min at 9 mL/min, rt= 30 min) to give 34 mg of (inip)-DPNal- 
DpNal-Phe-Lys-amide,TTA salt as a colorless powder after lyophilization. MS (electrospray 
M+H) 798.4. 



30 
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Method B: 

Step A: BOC-(2-Cl-CBZ)Lys-(MBHA.resin) 

A 20.0 g sample of MBHA-resin (substitution @ 1.04 mmol/g, 20.8 mmol) was washed 
successively with NMP, DCM (2X), 5% DIPEA/DCM (IX 1 min), 5% DIPEA/DCM (IX 10 min), 
and DCM (4X). A solution of 25.8 g (3 eq) of BOC-L-(N-£-(2-Cl-CBZ))-Lysine in NMP /DCM 
(1:1) was added, foUowed by 8.40 g (3 eq) of HOBt in NMP and 62.4 mL (3 eq) of a 1.0 M 
solution of DIPC in DCM. After agitation for 1 h. the resin was washed with NMP (IX), DCM 
(2X), and the coupling judged complete by a ninhydrin test. The resin was neutralized with 5% 
DIPEA/DCM (IX 1 min), 5% DIPEA/DCM (IX 10 min), DCM (4X), and capped by the addition 
of 19.7 mL (10 eq) of acetic anhydride and 14.4 mL (4 eq) of DIPEA in DCM for 10 min. 
Washing the resin with DCM (3X) gave BOC-(2.Cl<BZ)Lys-(MBHA-resin). 
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Step B: BOC-Phe-<2-a<»Z)Lys-(MBHA-ie8in) 

Note: The following synthesis cycle was used for all subsequent couplings to this sample of 
resin: 

5 1) E>eprotectwith50%TFA/DCMforlmin 

2) Deprotectwith50%TFA/DCMfor20inin 

3) Wash resin 4X with DCM 

4) Neutralize with 5% DIPEA/DCM for 1 min 

5) Neutralize with 5% DIPEA/DCM for 5-10 min 
10 6) Wash resin 3X with DCM 

7) Wash resin IX with NMP 

8) Preactivate the BOC-amino acid (3 eq) with BOP (3 eq) and HOBt (3 eq) in NMP for 10 min, 
add NMM (4.5 eq) and transfer to vessel with resin. Couple for 1 h. 

9) Wash resin IX with NMP 
15 10) Wash resin 2Xwia\ DCM 

11) check ninhydrin for completion of coupling 

12) Recouple, if neccessary (steps 4-11) 

13) If coupling is complete, proceed with steps 1-11 for coupling of the next residue. 

20 Specifically, BOC.(2-Cl-CBZ)Lys.(MBHA.re8in), vide supra, was deblocked, washed, and 
coupled with 16.4 g (3 eq) of BOC-L-Phe, 27.6 g of BOP, 8.4 g of HOBt, and 10.3 mL of NMM for 
40 min to give BOC-Phe-(2-a-CBZ)Lys-(MBHA-resin) (ninhydrin negative). 



25 



Step C: BOC-DpNal-Phe-G-a-CBZ)Lys-(MBHA-W8in) 

The above sample of BOC-Phe-(2-Cl-CBZ)Lys-(MBHA-resin) was deblocked, washed, and 
coupled with 13.1 g (2 eq) of BOC-D-p-naphthylalanine, 18.3 g of BOP, 5.6 g of HOBt, and 6.85 
mL of NMM for 1 h giving an incomplete reaction (ninhydrin positive). The resin was 
recoupled (c.f. step 12 above) using 6.55 g (1 eq) of BOC-D-p-naphthylalanine, 9.2 g of BOP, 2.8 
g of HOBt, and 3.43 mL of NMM for 1 h to give BOC-DPNal-Phe-(2-a-CBZ)Lys-(MBHA-resin) 
30 (ninhydrin negative). 



Step D: BOC-DpNal-DpNal-Phe-(2-Cl-CBZ)Lys-(MBHA.resin) 

The above sample of BOC-DpNal.Phe-(2-Cl-CB2)Ly5-(MBHA-resin) was deblocked, washed, 
and coupled with 13.1 g (2 eq) of BOC-D-p-naphthylalanine, 18.3 g of BOP, 5.6 g of HOBt, and 

6.85 mL of NMM for 3 h giving BOC-DpNal-DpNal-Phe-(2-Cl-CBZ)Lys-(MBHA-resin) 
(ninhydrin negative). 
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StepE: N.BOC-Isonipecotic acid 

To a cold solution of 12.4 g (0.31 mmol, 1.0 eq) of sodium hydroxide ir, 300 ml of water and 600 
ml of dioxane was added 40.0 g (0.31 mmol, 1.0 eq) of isonipecotic acid, foUowed by 84 0 g (38 
mmol 1.2 eq) of di-t-butyl dicarbonate. The mixture was stirred at ambient temperature for 5 h 
then partitioned between ethyl acetate and 0.5 N citric acid. The organic phase was washed 
with water, brine, dried over sodium sulfate, and concentrated. The crystalline product was 
collected by filtration, washed with hexane, and dried under vacuum. Yield: 64.0 g (90%) IH 
NMR (300 MHz, CDC13) 5 10.78 (IH, exc), 4.0 (2H, d), 2.85 (2H, t), 2.48 (IH, m), 1.9 (2H, m),'l.65 
(2H, m), 1.42 (9H, s). MS (FAB, M+H) 230.1. 



Step F: BOC^inip).DPNal-DPNal.Phe.(2-Cl-CBZ)Ly5-(MBHA-re8in) 

The above sample of BOC-DpNal-DPNal-Phe-(2-Cl-CBZ)Lys-(MBHA-resin) was deblocked 
washed, and coupled with 9.54 g (2 eq) of BOC-isonipecotic acid, 18.3 g of BOP, 5.6 g of HOBt, 

ar^d 6.85 mL of NMM for 1 h, giving BOC-(inip).DPNal-DPNal-Phe-(2-Cl-CB2)Lys-(MBHA- 
15 resin) (riinhydrin negative). 
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Step G: (inip)-DPNal.DPNal.Phe-Ly8-airude 

The above sample of BOC.(inip)-DPNal-DpNaI-Phe.(2-a-CB2)Lys-(MBHA-resin) was 
deblocked, washed, neutralized, washed with DCM (4X), ethanol (4X), and dried in vacuo to 
yield 40.4 g of (inip)-DpNal-DPNal-Phe-(2-Cl-CBZ)Lys-(MBHA-resin). The resin was 
transfered to a teflon reaction vessel and stirred with a mixture of 200 mL of HP, 20 mL of 
amsole, and 20 mL of ethyl methyl sulfide at 0 «C for 1 h. H.e volitiles were removed in vacuo 
the resin transfered to a glass fritted fum»el and washed repeatedly with ether. The product 
was extracted from the resin by successive washings with 10% HOAc/water, acetonitrile, and 
water. The washings were pooled and lyophilized to afford 7.5 g of a powder that was purified 
by reverse phase HPLC (15-20^., 300 A, Vydac C-18, 5x25 cm, gradient: 25 - 45% acetonitrile 
(0.1% TTA) in water (0.1% TFA) in 200 min at 50 mL/min, rt = 50 min) to give 4.39 g of (inip)- 
DPNal-DPNal-Phe-Lys-amide, TFA salt as a colorless powder after lyophihzation. MS 
(electrospray, M+H) 798.7. 
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(4-aininobutanoyI)-D3Nal-DPNaI-Phe-Lys-amide, 
TFAsalt 



10 



15 



FM(X:-DpNal-DpNal-Phe-(N-e-BOC)Lys-(Ain-resin) (1.0 g, 0.32 mmol), from Example 1, 
Method A, step D, was swelled with DCM for 15 min, deblocked with 20% piperidine in DMA 
for 15 min, and washed with DMA (5X) and DCM (IX) to give DpNal-DpNal-Phe-(N-£- 
BOC)Lys-(Am-resin), displaying a positive ninhydrin test. A preactivated solution ofN-BOC- 
4-aminobutyric add (403 mg, 1.98 mmol), 875 mg (1.98 mmol) of BOP, and 0.33 mL (2.97 mmol) 
of NMM in 15 mL of DMA/DCM (1:1) was added. After agitation for 1 h, the resin was 
washed with DMA (5X, ninhydrin negative), DCM (3X), MeOH (23() and dried in vacuo. The 
dry resin was suspended in 10 mL of TFA and 0.50 mL of triediylsilane added. The mixture 
was agitated for 1 h, concentrated in vacuo, and tfie resin washed with ether. The crude 
peptide was recovered from the resin by washing with 10% aq HOAc, foUowed by acetonitrile. 
Hie combined filtrates were lyophilized to give 245 mg of a soUd. A 50 mg aUquot was purified 
by reverse phase HPLC (15-20H, 300 A, Vydac C-18, IX 50 cm. gradient: 23 - 38% acetonitrile 
(0.1% TFA) in water (0.1% TFA) in 60 min at 9 mL/min, rt = 25 min) to give 28 mg of (4- 
aminobutanoyl)-DpNal-D3Nal-Phe-Lys-amide, TFA salt as a colorless powder after 
lyophilization. MS (electrospray, M+H) 772.4. 
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I4.(N.Melhylamino)butanoyl).D3Nal-DpNal.Phe-Ly8-amide, 

TFA salt 

Step A: BOC^(N.Methylamino)butyricAcid 

To a 0 "C solution of 5.00 g (24.6 mmol) of BOC-4-aminobutyric acid in 75 mL of dry THF was 
added 12.2 mL (197 mmol) of methyl iodide followed by 2.95 g (73.8 mmol, 60% dispersion in 
mmeral oil) of sodium hydride, portionwise. The reaction was rapidly stirred at room 
temperature for 12 h and quenched by the careful addition of water. The mixture was 
partitioned between ether and water, and the organic phase extracted with 1 N aq sodium 
bicarbonate. The combined aqueous phases were chiUed and acidified to pH 3 with 1 N 
sodium hydrogen sulfate, then extracted with two portions of ethyl acetate. The combined 
organics were washed successively with water, 5% aq sodium thiosulfate, water, brine, and 
thendned over anhydrous magnesium sulfate. Concentration in vacuo afforded 5.00 g (94o/„) 
of BOC-4-(N-methylamino)butyric acid. 1h NMR: (300 MHz, CDCls) 5 3.28 (2H, bt, 1= 7 Hz) 
2.84 (3H, s), 2.36 (2H, t, J= 7.5 Hz), 1.85 (2H. m), 1.45 (9H, s). 

Step B: I4-(N.Methylamino)buUnoyl].DpNal-DPNal-Phe.Lys.amide, TFA salt 
FoUowing the procedure of Example 2, FMOC-DpNal.DpNal-Phe-{N-E-BOC)Lvs-(Am-resin) 
(0.50 g, 0.17 mmol, (from Example 1, Method A, Step D) was deblocked and coupled to BOC^. 
(N-methylamino)butyric acid (Step A) (147 mg, 0.68 mmol) using 300 mg (0.68 mmol) of BOP 
and 0.11 mL (1.02 mmol) of NMM. Cleavage from the resin afforded 120 mg of a solid after 
lyophdization. A 62 mg aliquot was purified by reverse phase HPLC (15-20^, 300 A Vydac C- 
18, IX 50 cm, gradient: 23 - 38% acetonitrile (0.1% TFA) in water (0.1% TFA) in 60 min at 9 
mL/min, rt = 23 min) to give 27 mg of pure I4-(N-methylamino)butanoyl]-DPNal-DpNal-Phe- 
Lys-amide, TFA salt. MS (electrospray, M+H) 786.4. 
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Example 4 




(inip)-(N-Me-D|3Nal)-DTrp*Phe-Lys-amide, 
TFA salt 



Step A: DTrp-Phe-(N-E-BOC)Ly5-(Ain-re8in) 

A 1 g (approx. 0.4 mmol) sample of Phe-(N-e-BOC)Lys-(Am-resin) (Example 1, Method A, Step 
B) was leacted with a preactivated solution of 0,85 g (2.0 mmol) of FMOC-D-Tryptophan, 0.88 g 
5 of BOP, and 0.33 mL of NMM for 1 h. Washing and deprotection as per the general protocol 
above gave DTrp-Phe-(N-£-BCX;)Lys-(Am-resin), displaying a positive ninhydrin test 

Step B: BOC-N-Methyl-D*|3-naphthylalanine (BO&N-Me-DPNal) 

To a cold (0^ C), stirred, THF solution of N-BOC-D-P-naphthylalanine (15.0 g, 47.6 mmol) and 
10 methyl iodide (14,8 ml, 238 mmol) was added sodium hydride (5.70 g of 60% dispersion in 
mineral oil, 143 mmol) in portions over 45 min. The mixture was allowed to warm slowly to 
ambient temperature over 16 h then partially concentrated and poured into 1 L of dilute 
aqueous sodium bicarbonate. Neutral species were extracted into ethyl acetate and discarded. 
The aqueous phase was acidified with citric acid and the separated product extracted into ethyl 
15 acetate, washed with dilute sodium bisulfite, brine, dried over magnesium sulfate, and 
concentrated. The crude product was crystallized from DCM/hexane to yield 14.9 g (95%) of 
the title compound. NMR (300 MHz, CDCI3, rotational isomers evident) 5 1.31 (9H, 2s, 
BOC), 2.70 (3H, 2s, N-Me), 3.32 (2H, m, CH2Ar), 4.8 (IH, m, CH), 7,54 (7H, m, Ar). MS (FAB, 
M+H) 330.2. 

20 

Step C: FMOC-N-Methyl-D-p-naphthylalanine (FMOC-N-Me-OPNal) 
BOC-N-methyl-D-p-naphthylalanine (10.0 g, 30.4 mmol) was dissolved in TFA (100 ml) and 
stirred for 1 h. The TFA was removed under vacuum and the residue combined with 9- 
fluorenylmethyl-succinimidylcarbonate (13.3 g, 40.0 mmol), potassium carbonate (6.2 g, 45 
25 mmol), THF (300 ml), water (124 ml), and stirred at ambient temperature for 18 h. The reaction 
mixture was partitioned between ethyl acetate and dilute aq HCl, and the organic phase 
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washed v^a, b™,,, ^ ^ c„„ce„,„,ted. the cry«,u„, orod , 

was counted by fi,b,«™ „d „^ w«h hex™ n, yieM .2.9 g ,94%) JZT^ . 

NMR rsnn Mm^ nx>fcr^ j . . ^ ^ ^ compound. 

cH..jzr":r:d~t;r„rr4rrt'"''-"°'"-^ 

aH,.COO„M«,-d=^..,c.,^iMeO^"^™^'-^^^ 
step D: <N-Me.D3Nal).DTrp.Phe.(N.e.BOC)Lys-(Am-«.i„) 

To ''^T^^'T^T"^''^"'' " ^^^^^'^ ' d solution 

oi 0.68 g (1.5 „„„oI) Of FMOC.(N.Me-D3Nal), 0.88 g of BOP, and 0.33 of NMM for 3 h 
Washing and deprotection as per the BeneralFMfV"« » . ^mmm for 3 h. 

Phe-tN-e-BOOrLA • ^ (N-Me-DPNal)-DTT>- 

Phe-(N £-BOC)Lys-(Ai„-,esm) displaying a faint orange ninhydrin test. 

Step E: (inipMN.Me-D3N.l)-DTn,.Phe.Lys-amlde, TFA salt 
a.-Me-DpNal,I^^PKe.(N-.-BOC,LyH^^^ 

a preactivated soluUon of 0.88 g (2.5 of N-FMOC-isonipecotic acid 1 lo g oTb^ 

0.66mLofNMMfor4h. After washing with DMA .r.\, ^ ■ ' '-'^ « ^OP, and 
h» . . ^ ^ "^ydnn test showed the reaction 

w» puni^ed by „ver« pW HPLC (IS-JC*. 300 A. Vyd.c CIS. IX 50 l^Z^^ 
<.f«„p„„p^ue,. Rech,om,.„g„phy (15.20,^300 A Vvd« C 18 

of the pure tide compound. MS (electrospray, M+H) 801.6. ^ 

Example 5 




^ Me 




(inipHN-Me-DpNaD-DpNal-Phe-Lys-amide, 
TFA salt 
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Step A: (N-Me-DPNal)-DpNal-Phe-(2-a-CBZ)Lys-(MBHA-re8in) 

A 0.8 g (approx. 03 mxnol) sample of BC>C-DpNal-Phe-(2-a-CBZ)Lys-(MBHA-resin) (Example 
1, Method B, Step C) was deblocked, washed, and reacted with a preactivated DMA solution of 
5 0.33 g (1.0 mmol) of BOC-(N-Me-DpNal) (Example 4, step B), 0.44 g of BOP, 0.14 g of HOBt, and 
0.11 mL of NMM for 1.5 h. Washing and deprotection as per the general BOC protocol above 
gave the title compound displaying a light orange, positive ninhydrin test. 

Step B: (iiup)-(N.Me-DpNal).DPNal-Phe-Lys.amide, TFA salt 

10 The intermediate from step A was treated with 0.23 g (1.0 mmol) of N-BOC-isonipecotic acid 
(Example 1, Method B, Step E), 0.29 g of BOP-Cl, and 0.20 mL of DIPEA in DCM for 12 h. 
Washing, drying, and cleavage as per the general BOC protocol above gave 250 mg of a 
powder. A 102 mg aliquot was purified by reverse phase HPLC (15-20^1, 300 A, Vydac C-18, IX 
50 cm, gradient: 23 - 38% acetorutrile (0.1% TFA) in water (0.1% TFA) in 60 min at 9 mL/min, rt 

15 = 32 min) to give 23 mg of the title compoimd. MS (electrospray, M+H) 812.4. 



Example 6 




(inip)-DpNal-(N-Me-DpNal)-Phe-Lys-amide, TFA salt 



Step A: (N-Me-DpNaI)-Phe-(2*a-CB23Lys-(MBHA.iesin) 

A 0.80 g (approx. 0.30 mmol) sample of BOC-Phe-(2-Cl-CBZ)Lys-(MBHA-resin) (Example 1, 
Method B, Step B) was deblocked, washed, and reacted with a preactivated DMA solution of 
20 0.33 g (1.0 mmol) of BOC-(N-Me-DpNal) (Example 4, step B), 0.44 g of BOP, 0.14 g of HOBt, and 
0.11 mL of NMM for 1.5 h. Washing and deprotection as per the general BOC protocol above 
gave the title compound displaying a light orange positive ninhydrin test. 



-91- 



wo 96/15148 



PCT/US95/14968 



10 



15 



S..,B= DPN.l-<N^DPN.n.FhM2<l^i,yMMBHAM„to) 

nTjhrT"": * 0.32 g (1.0 nu„„.) „, ^.BOC-D-B 

.«phfl,ylal,™„., 0.29 g o, BOP<U. „d 0.20 mL of DIPEA in DCM for 12 h W K 
deprotecaonaspertheneneralBOCo™ i v " "CM 'or 12 h. Washing and 

posi««ninh,dI.«. ^i-PWing , 

Slq. C: fl«ip)-DPN.WN.M..DpN.l).Pl„.L,»..,„M,, TPA -ll 

IlttrT^" ' "'"-^ ' °' 0.23 g ,1.0 

18 X 50 an, g„„i.e„., 13 . ^„ ^ ^^^^ 7PA, in «. .1 , 

»Vn».„.30n.in,.giv.25n.go,U„«*^^. 

Example 7 




20 



(S-AminovaleiylMN-Me-DPNaD-DpNal-Phe-Lys-amide, 

TFAsalt 

S.ep A: «OC^N.Me.DpN.I^DpN.|.Ph.M2<Maz)lyMMBHA..^„, 

A 0.33 ™n„, sa„,p.e of BOC-DpN„.Phe-,2<,<BZ,Ly.(MBHA.«in) ,E«..p,. i M.>hod B 

S«P C) was «.a.ed with TPA deblock. nou«li«d. and coupl«. wi* 3 ^ T^^' 

^ ^Ti rr ' ' *" ' - - « "o'^t 



Stq.B: <5-An.inoval..yIHN.Me-DpNaI).DpNal-Ph..Lys-amid. TFAsal. 

Tr rr °' '°^-'~-"'-°»'^*'^--™-P<'-CBZ,Lys-(MBHA-,esin, was 
deb,oC„d IPA. neu^a.^., „ashed, and coupied „i.h . of N-BOC-S-an-inovLrr 
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10 



acid, 4 eq of BOP-Cl, and 6 eq of DIPEA in DCM overnight. After confirming complete 
coupling with the ninhydrin test, the peptide was deblocked with TFA, washed, and dried in 
vacuo to give (5-aminovalerylHN-Me-DPNal)-DpNal-Phe-(2-a-CBZ)Lys-(MBHA-resin). The 
peptide was cleaved from the resin and lyophilized, using the methods described in the general 
procedure, to provide 193 mg of a crude solid. A 53 mg aliquot was purified by reverse phase 
HPLC (15-20H, 300 A, Vydac C-IS, IX 50 cm, gradient: 23 - 38% acetonitrile (0.1% TFA) in water 
(0.1% TFA) in 60 min at 9 mL/min, rt = 43 min) to give 7.4 mg of pure (5-aminovaleryl)-(N-Me- 
DpNal).DpNal-Phe-Lys-amide, TFA salt as a colorless powder after lyophilization. MS 
(electrospray, M+H) 800.2. 

Example 8 




H V 1 H O 

NHc 



" O ^ O 



NH2 

(inip)-DpNaI-DpNal-aNal-Lys-amide, 
TFA salt 

Step A: BOC-aNal-(2-a-CB2)Lys-(MBHA.re8in) 

A 1.0 g sample of BOC-(2-Cl-CBZ)Lys-(MBHA-resin) from Example 1. Method B, Step A, was 
deblocked, washed, neutralized «nth 5% DIPEA/DCM, washed, and coupled with 945 mg (3 
mmol) of BOC-L-a-napthylalanine, 1.32 g of BOP, and 0.45 mL of NMM for 1 h, giving BCXT- 
15 aNal-(2-Cl-CBZ)Lys-(MBHA-resin) (ninhydrin negative). 

Step B: BOC-DpNal-oNal-(2-a-CBZ)Lys-(MBHA.resin) 

The intermediate from Step A was deblocked, washed, neutraUzed with 5% DIPEA/DCM, 
washed, and coupled with 945 mg (3 mmol) of BOC-D-P-napthylalanine, 1.32 g of BOP, and 
20 0.45 mL of NMM for 1 h, giving BOC-DpNal-aNal-(2-Cl-CBZ)Lys-(MBHA-resin) (ninhydrin 
negative). 
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Step C: BOC-DpNal.DpNal<xNal.(2.a<3Z)Ly»-(MBHA.«8in) 

The resin from Step B was deblocked, washed, neutralized with 5% DIPEA/DCM, washed, and 
coupled with 945 mg (3 mmol) of BOC-D-P-napthylalanine, 1.32 g of BOP, and 0.45 mL of 

NMM for 1 h, giving BOC-DPNal-DPNal-aNal-(2-a-CBZ)Lys-(MBHA.resin) (ninhydrin 
negative). 



10 



Step D: (inip)-DpNal.DpNal^)tNal.(2-a-CB2)Lys-(MBHA-re8in) 

The resin from Step C was deblocked, washed, neutralized with 5% DIPEA/DCM, washed and 
coupled with 690 mg (3 mmol) of N-BCXT-isonipecotic acid, 1.32 g of BOP, and 0.45 mL of 
NMM for 1 h, giving BOC-(inip)-DPNal-DpNal-aNal-(2-Cl-CBZ)Lys-(MBHA-resin) (ninhydrin 
negative). The resin was deblocked, washed with methanol, and dried in vacuo to give 1.1 g of 
the title compound. 



15 



20 



Step E: (inip)-DpNal-DpNalKxNal.Ly8-«mide, TFA salt 

The above resin (1.1 g) was cleaved with HF according to the general procedure to afford 87 mg 
of a soUd that was purified by reverse phase HPLC (15-20^, 300 A, Vydac C-18, IX 50 cm 
gradient: 25<V40% acetonitrile (0.1o/„ TFA) in water (0.1% IFA) in 60 min at 9 mL/min, rt = 32 
min) to give 11 mg of pure (inip)-DPNal-DPNal-aNal-Lys-amide, TFA salt. MS (electrospray 
M+H) 848.4. ^ " 

Example 9 




(4.Aminobutanoyl).DpNal-DpNaI-pNal-IN.(3-aminopropyl)] amide, 

TTAsalt 

Step A: l^Propanediamine-carbonylbenzyloxy-resin (FDA-COO-resin) 
Hydroxymethyl resin (10 g, 1 meq/g, 100-200 mesh, Bachem RMIS35) was washed with 5% 
DIPEA/DCM, toluene (6X), suspended in 60 ml of toluene and gently agitated with nitrogen 
bubbling. A solution of phosgene in toluene (70 mL, 1.93 M, Fluka) was added and, after 20 
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min, the resin was washed with toluene (6X), resiispended in 60 mL of dry THF, and 1,3- 
Propanediamine (5.0 g, Fluka) was added. The mixture was agitated for 1 h, washed with 
DMA (5X), and shown to give a positive ninhydrin test, A solution of 10% TFA in DCM was 
added and the resin was washed with DCM (4X), methanol (2X), and dried in vacuo. 

5 

Step B: BOC-PNaHPDA-COO-xesin) 

A 3.0 g sample of PDA-COO-resin was neutralized with 5% DIPEA/DCM, washed, and 
coupled with 2.84 g (9.0 mmol) of BOC-pNal, 3.96 g of BOP, and 1.5 mL of NMM for 1 h 
(ninhydrin negative). After washing with DCM, the resin was washed with methanol and 
10 dried. 

Step C: BOC-DpNal-pNal.(PDA-COOresin) 

A 1,0 g sample of the resin from Step B was deblocked, washed, neutralized with 5% 
DIPEA/DCM, washed, and coupled with 945 mg (3 mmol) of BOC-DpNal, 1,32 g of BOP, and 
15 0.45 mL of NMM for 1 h, giving BOC-DPNal-PNal-(PDA-COO-resin) (ninhydrin negative). 

Step D: BOC-DPNal-DpNal-PNal-(PDA-COO-re8in) 

The above sample was washed, deblocked, washed, neutralized with 5% DIPEA/EXZM, 
washed, and coupled with 945 mg (3 mmol) of BOC-D^Nal, 1.32 g of BOP, and 0.45 mL of 
20 NMM for 1 h giving BOC-DpNal-DpNal-PNal-(PDA-COO-resin) (ninhydrin negative). 

Step E: (4-Aminobutanoyl)-DpNal*DPNal-PNal-(PDA-COO*ie8in) 

The above sample was washed, deblocked, washed, neutralized with 5% DIPEA/DCM, 
washed and coupled with 609 mg (3 mmol) of N-BOC-4-aminobutyric acid, 1.32 g of BOP, and 
25 0.45 mL of NMM for 1 h (ninhydrin negative). The resin was washed, deblocked, washed with 
methanol, and dried in vacuo to give 1.3 g of the title compound. 

Step F: (4-Aminobutanoyl).DpNal-DPNal-pNal.[N-(3-aminopropyl)l amide, TFA salt 

The above resin (1.3 g) was cleaved with HF to afford 225 mg of a solid after lyophilization. A 
30 60 mg sample was purified by reverse phase HPLC (15-20^, 300 A, Vydac C-18, IX 50 cm, 
gradient: 25 - 40% acetonitrile (0.1% TFA) in water (0,1% TFA) in 60 min at 9 mL/min, rt = 30 
min) to give 29 mg of the title compound. MS (electrospray, M+H) 751.4. 
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10 



15 



Example 10 




DPNal.3NalH3NaWN-(3-aminopropyl)Iamide, 
TFAsalt 

Step A: BOC-PNal-pNal-CPDA-COO-resin) 

A 2 g sample of BOC-PNal-(PDA-COO-resin) (from Example 9. Step B) was washed, deblocked 
^BN nr^' DIPEA/DCM, washed, and coupled with 1.89 g (6.0 mmol) of 

BOC-PNal, 2.64 g of BOP, and 0.90 mL of NMM for 1 h, giving BOC-PNal-PNaHPDA-COO- 
«sm) (ninhydrin negative). Tt^e resin was washed with methanol, and dried in vacuo to give 
the title compound. 

Step B: BOC-DpNal.pNal-pNal.(PDA-COO-re8in) 

One gram of the above sample was deblocked, washed, neutralized with 5% DIPEA/DCM 
washed, and coupled with 945 mg (3 mmol) of BOC-OpNal, 1.32 g of BOP, and 0.45 mL oi 
NMM for 1 h, giving BOC-DPNal-pNal-pNal-(PDA.COO-resin) (ninhydrin negative). The resin 
was washed, deblocked, washed with methanol, and dried in vacuo. 

Step C: DPNal-PNal-PNal.IN-(3-aminoprt,pyl)J amide, TFA salt 

The above resin (1.15 g) was cleaved with HF to afford 99 mg of a solid after lyophilization 

Tlie sample was purified as per Example 2 (gradient 27%^2o/„ in 60 min (rt = 22 min)) to give 

58 mg of DPNal-pNal.pNaHN-(3-aminopropyl)] amide, TFA salt. MS (electrospray, m!h) 
666.4. 
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Example 11 




H 6 =v H 5 





Acetyl-D3Nal-pNal-PNaHN-(3-aminopropyl)] amide, 
TFAsalt 



15 



Step A: AcetyI-D0NaI-PNal-PNaI-(PDA-COO-resin) 

A 1.0 g sample of the product of Example 10. Step B was deblocked, neutraUzed with 5% 
DIPEA/DCM, and coupled with acetic anhydride (2 mL) in 5% DIPEA/DCM (10 mL) giving 
Acetyl-D|3Nal-PNal-PNal-(PDA-COO-resin) (ninhydrin negative). The resin was washed with 
methanol and dried in vacuo to give 1.23 g of resin. 



20 



Step B: Acetyl-DpNal-PNal-pNal-IN-(3-aminopropyl)] amide, TFA salt 
The above resin (1.23 g) was cleaved with HF to afford 155 mg of a powder after lyophiUzation. 
A 68 mg sample was purified as per Example 2 (gradient 30%-45% in 60 min (rt = 40 min)) to 
give 31 mg of the title compound. MS (electrospray, M+H) 708.4. 



25 



30 



35 



Example 12 




(5-Aminovaleiyl)-DPhe-PNaI-PNal-Lys-amide, 
TFA salt 



-97- 



MfO 96/15148 



PCT/US95/14968 



Step A: pNaKN-e-BOOLys-CAm-resin) 

A 03 g (appiox. 0^ mmol) sample of (N-e-BOC)Lys.(Am-«sin) (Example 1, Method A Step 
A) was reacted with a pieactivated solution of 0.44 g (1.0 mmol) of FMOC-L-PNal 0 44 g of 
BOP, and 0.17 mL of NMM for 1 h. Washing and deprotection as per the general protocol 
5 above gave the title compound. 



Step B: PNal-3Nal-(N-e-BOOLys.(Am-re8in) 

The product of step A was reacted with a preactivated solution of 0.44 g (1.0 mmol) of FMC5C- 
L-pNal, 0.44 g of BOP, and 0.17 mL of NMM for 1 h. Washing and deprotection as per the 
10 general protocol above gave the title compound. 

Step C: DPhe-pNal-PNaWN-e-BDOLys-CAm-resin) 

The product of step B was reacted with a preactivated solution of 0.39 g (1.0 mmol) of FMOC- 
D-Phenylalanine, 0.44 g of BOP, and 0.17 mL of NMM for 1 h. Washing and deprotection as 
15 per the general protocol above gave the tide compound. 

Step D: (5-AminDvaleryl).DPhe-pNal-pNal.Ly8<unide,TFA salt 

•nie product of step C was reacted with a preactivated solution of 0.22 g (1.0 mmol) of N-BOC- 
5-aminovaleric acid, 0.44 g of BOP, and 0.17 mL of NMM for 1 h. Washing, drying and 
cleavage as per the general FMOC protocol above gave 100 mg of a powder. A 51 mg aliquot 
was purified by reverse phase HPLC (15-20»., 300 A, Vydac C-18, IX 50 cm, gradient: 25 - 40% 
acetonitrile (0.1% TFA) in water (0.1% ITA) in 60 min at 9 mL/min, rt = 25 min) to give 23 mg 
of the title compound. MS (electrospray, M-i-H) 786.5. 

Example 13 



20 



Hj>N 




(5.Aminovaleryl)-DPhe.pNal^NaHN.(4-aminobutyl)I amide, 

TFA salt 
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Step A: 14 Butanediamine-carbonylbenzyloxy-iesin (BDA-COO-resin) 
Hydroxymcthyl resin (10 g, 1 meq/g, 100-200 mesh, Bachem RMIS35) was washed with 5% 
DIPEA/DCM, toluene (6X), suspended in 60 ml of toluene and gently agitated with nitrogen 
bubbling. A solution of phosgene in toluene (70 mL, 1.93 M, Fluka) was added and, after 20 
5 min, the resin was washed with toluene (6X), resuspended in 60 mL of dry THF, and 1,4- 
Diaminobutane (5.0 g, Fluka) was added. The mixture was agitated for 1 h, washed with DMA 
(5X), and shown to give a positive ninhydrin test. A solution of 10% TFA in DCM was added 
and ttie resin was washed with DCM (4X), methanol (2X), and dried in vacuo. 

10 StepB: BOC-PNal-(BDA-COO-resin) 

A 1 g sample of BDA-COOresin from Step A was neutralized with 5% DIPEA/DCM, washed, 
and coupled with 945 mg (3 mmol) of BCX:-pNal 132 g of BOP, and 0.45 mL of NMM for 1 h, 
giving BOC-3Nal-(BDA-COOresin) (ninhydrin negative). 

15 Step C: BOC-PNal*PNal-(BDA-COC>-resin) 

The above sample was deblocked, washed, neutralized with 5% DIPEA/DCM, washed, and 
coupled with 945 mg (3 mmol) of BOC-PNal, 1.32 g of BOP, and 0.45 mL of NMM for 1 h giving 
BOC-PNal-pNal-(BDA-COO-re5in) (ninhydrin negative). 

20 Step D: BOC-DPhe-PNal-PNal-(BDA-COO-re8in) 

The above sample was deblocked, washed, neutralized with 5% DIPEA/DCM, washed, and 
coupled with 795 mg (3 mmol) of BOC-D-Phenylalanine, 1.32 g of BOP, and 0.45 mL of NMM 
for 1 h, giving BOC-DPhe-pNal-PNal-(BDA-COO-resin) (ninhydrin negative). 

25 Step E: BOC-(5-Aminovaleiyl)-DPhe-pNal-PNal-(BDA-COO-resin) 

The flic resin from Step D was deblocked, washed, neutralized with 5% DIPEA/DCM, washed, 
and coupled with 621 mg (3 mmol) of N-BOC-5-aminovaleric acid, 1.32 g of BOP, and 0.45 mL 
of NMM for 1 h giving BOC-(5-aminovaleryl)-DPhe-pNal-pNal-(BDA-COO-resin) (ninhydrin 
negative). The resin was washed, deblocked, washed with methanol, and dried in vacuo. 

30 

Step F: (5-aminovaleryl)-DPhe-PNal-PNal-[N-(4-aminobutyl)] amide, TFA salt 
The above resin (1.1 g) was deblocked with HF to afford 72 mg of solid after lyophilization. 
The sample was purified as per Example 2 with a 25%-40% gradient (r = 22 min) to give 16 mg 
of the title compound. MS (electrospray, M+H) 729.5 
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Example 14 




HN^ H g 




(inip)-DpNal.DpNal-Phe-amide, 
TFAsalt 

Step A: Phe-(MBHA-resin) 

An 8.0 g «u„pte C MBHA (subsBh.«<,„ « 0.57 mmol/g, 4.56 .nmo,, „„ 
w«h«l „d r.««d wi* , p«.cBv..«i DMA solution of 5.30 g ,13.7 „„„ol, o/ BOC-L- 
Phenyl^. 6.05 g of BOP. 1.85 g „, HOBt «d 1.50 mL o, NMM for ,.5 h. Washing 
depn^caon « per a» gm„.l BOC prMocol above g«, fte title compo»,d. 
Step B: DPNal-PhemMBHA-re>in) 

Hie intennediat. from s«p A w.. ^ju, , p„«s,v.,ed DMA «,luaon of 2 87 g (9 12 

™n„,,„fN.BOC-D.^„,ph,hyl.l.„i„..4.03go,BOPa.23go,HO^ 
1.5 h. Washing and deprotection gave the title compound. 

Step C: D3Nal-DpNal.Phe-(MBHA-«sin) 

The intermediate from step B was reacted with a preactivated DMA solution of 2.87 g (9 12 
15 mmol) of N-BOC-D-P-naphthylalanine, 4.03 g of BOP, 1.23 g of HOBt, and 1.00 mL of Nil for 
1.5 h. Washing and deprotection as per the general BOC protocol above gave the Htle 
compound. 



20 



Step D: (mip).DpNal-D3Nal-Phe-amide, TFA salt 

One half of the intermediate resin from step C (2.28 mmol) was reacted with a preactivated 
DMA solution of 1.57 g (6.84 mmol) of N-BOC-isonipecotic acid, 3.02 g of BOP, and 1 00 mL of 
NMM for 3 h. Deblocking, washing, dxying, and HF cleavage as per the general BOC protocol 
above gave 560 mg of a powder which was purified by reverse phase HPLC (15-20^ 300 A 
Vydac C-18, IX 50 cm, gradient: 30 - 44% acetonitrUe (0.1% TFA) in water (0.1% TPA) in 150 
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min at 9 mL/min, rt = 60 min) to give 436 mg of the title coxnpoimd. MS (electrospray, M+H) 
670.4. 



Example 15 




(inip)-D3Nal-DTip-Phe-amide, 
TFA salt 



Step A: DTxp.Phe-(MBHA-re8in) 
5 A 2.0 g (approx. 1.14 mmol) sample of Phe-{MBHA-resin) (from Example 14, Step A) was 
reacted witii a preactivated DMA solution of 1.04 g (3.42 mmol) of N-BCXI-D-Tryptophan, 1.51 
g of BOP, 0.46 g of HOBt and 0.38 mL of NMM for 1.5 h. Washing and deprotection as per the 
general BOC protocol above gave the tide compound. 

10 Step B: D|3Nal-(D-Trp>-Phe-(MBHA-ie8in) 

The intermediate from step A was reacted with a preactivated DMA solution of 1.08 g (3.42 
mmol) of N-BCX:-D-p-naphthylalanine, 1.51 g of BOP, 0.46 g of HOBt, and 0.38 mL of NMM for 
1.5 h. Washing and deprotection as per the general BOC protocol above gave the title 
compotmd. 

15 

Step C: (inip)-D(JNal-(D-Trp)-Phe-amide, TFA salt 

The intermediate from step B was reacted with a preactivated DMA solution of 0.78 g (3.42 
mmol) of N-BOC-isonipecotic acid, 1.51 g of BOP, 0.46 g of HOBt, and 0.38 mL of NMM for 2 h. 
Deblocking, washing, drying, and HF cleavage as per the general BOC protocol above gave 240 
20 mg of a powder. A 50 mg aliquot was purified by reverse phase HPLC (15-20|i, 300 A, Vydac C- 
18, IX 50 cm, gradient: 23 - 38% acetonitrile (0.1% TFA) in water (0.1% TFA) in 60 min at 9 
mL/min, rt = 30 min) to give 23 mg of the title compoimd. MS (electrospray, M+H) 659.2. 
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Example 16 





(inip).DpNal-DpNal-I>he, 
TFAsalt 



Step A: B0C-DpNal-Phe-(O.resin) 

BOC-D3NJ.Ph.^O.«to)(rtnhydri„„eg,«ve) after washing. 
Stq, B: BOC-DSN.l.DpN(rf.pheKO-iMta) 

Step C: B0C-(inip)-DpNaI-D3NaI.Phe-{0.iwin) 
step D: (inip)-DpNal.DpNal-Phe, TFA salt 

A37u^^„^ ,y HPI^ ^ ^^^^ ^^^^ ^ ^^^^^ ^ 
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min, 0.1% TFA, 9 mL/min, 214 nm, rt* 41-51 min) to give 4.3 mg of the title compound. MS 
(electrospray, M^H) 6712. 

5 Example 17 



10 




(inip)-DpNal-DpNal-Phe methyl ester, 
TFAsalt 

To a solution of 50 mg of (mip)-DpNal-DpNal-Phe (from Example 16, Step D) in 20 ml of 
methanol was added 10 drops of 1 M HCl in diethyl ether. After stirring overnight, the reaction 
mixture was concentrated and the product purified by HPLC to give 22 mg of the title 
compound (Vydac C-18, 1 X 50 cm, 9 mL/min, 27 to 42% acetonitrile in water over 60 min, 0.1% 
TFA, 214 nm, rt= 39-52 min). MS (electrospray, M+H) 685.4. 



Example 18 




(inip)-DpNal-DPNal-(L-Phenylalanol), 
TEA salt 
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Step A: BOC.(i„ip).DpNal.D3Nal.(L.Phenyhdanol) 

^50 nU Of dry THF was added 1.5 g (ca. 0.8 n^ol, 1.0 eq) of BOC.(inip)-D3Nal.D3Nal-Phe- 
^res.)(fro.Exa.p.el6,S^ 

lir? d -*ed w.th 

m thano, and the combined filtrates partially evaporated. T^e product was partitioned 
between ethyl acetate and water and the organic phase was washed with hie, dried 

1695, 1635, 1536, 1164, 739, 699. MS (FAB, M*H) 7S7.4. 

S1.P B: (inip).DPN J-DPNaML-PhoiyUlmol), TTA salt 

^•<™-"-°P'^»'-^P'^»'---P'<«.yl.l-.l (s»p A, in 2 „, of DCM wa, 
«.«d „.«, 2 o, TTA for 1 h, co„ce„,„,ed, .„<, «,e produc, puHfied by HPl^ <Vyd.c CIS 

mm). MS (electrospray, M+H) 657.4. 



Example 19 




H 




(inip).DpNal.DpNal-(3(S).3.befizyl.p.Ala) amide, 
TFAsalt 



Step A: 3(S)-3-(t-Butoxycarbonylami„oM.phenylpropiomc acid (N.BOC.3(S)-3-be„zyl.B. 



This compound was most conveniently prepared by the method of Ondetti and Engel / Med 

Chem. 18(7), (1975), 761-763. Using this procedure 20 e ofron,m» • n , . 

° "3 Fxuteaure, ,i.u g ot commercially available N-BOC-L- 
Pl«nyl.lanine was convened ,„ 760 mg of U» Hde compound in 36% overaU yield iH NMR 

(300MHz, 0003,611.3 ,ia.,.xcH,,7,2,5H,„,,5.1,i„,d,,2.85,2H,„,,2.5,C,M^ 
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s). IR (cm-1) 3316, 2977, 2930, 1709, 1662, 1496, 1370, 1164, 1050, 1025, 746, 699. MS (FAB, M+H) 
280.0. 

Step B: BOC-(3(S)-3-beiuyI-P-Ala)-(MBHA-resin) 
5 A 2.54 g sample of MBHA-resin (0.64 nimol/g, 2.06 mmol) was sweUed in 1:1 DCM /DMA and 
coupled with 0.60 g (2.15 mmol, 1.1 eq) of N-BOC-(3(S)-3-benzyl-P-Ala) (from Step A) using 
1.44 g of BOP, 241 mg of HOBt, and 196 nl of NMM for 72 h. The resin was washed and capped 
by acetylation with a mixture of acetic anhydride, TEA, and pyridine in DCM for 15 min, 
giving the title compound after washing (ninhydrin negative). 

10 

Step C: BOC-DPNal-(3(S)-3-benzyl-p<Ala)-(MBHA-fesin) 

The above sample of BOC-(3(S)-3-ben2yl-P-Ala)-(MBHA-resin) was deblocked, washed, and 
coupled with N-BOC-D-P-naphthylalanine using 2.85 g of BOP, 290 mg of HOBt, and 708 jil of 
NMM for 2 h, according to the general procedure, to give BOC-DPNal.(3(S)-3-benzyl-3.Ala)- 
15 (MBHA-resin) (ninhydrin negative). 

Step D: BC)C-DpNal-D3Nal-(3(S)-3-benzyl-p-Ala)-(MBHA-resin> 

The above sample of BOC-DpNal-(3(S)-3-benzyl-p-Ala)-(MBHA-resin) was deblocked, washed, 
and coupled with N-BOC-D-^-iuiphthylalanine, using 2.85 g of BOP, 290 mg of HOBt, and 708 
20 ^l of NMM for 2 h to give the title compound (ninhydrin negative). 

Step E: BOC-(inip)-DpNal-DpNal.(3(S)-3-ben2yl-P-AlaHMBHA-re8in) 
The product of Step D was deblocked, washed, and coupled with N-BOC-isonipecotic acid, 
using 2.85 g of BOP, 581 mg of HOBt, and 708 ^1 of NMM for 18 h to give BOC-(inip)-DpNal- 
25 DpNal-(3(S)-3-benzyl-p-Ala)-(MBHA-resin) (ninhydrin negative). 

Step F: (inip)-DPNal-DPNal-(3(S)-3-ben2yI-P-Ala)-amide, TFA salt 

The above sample of BOC-(inip)-DpNal-DpNal-(3(S)-3-benzyl-p-Ala)-(MBHA-resin) was 
deblocked, washed with methanol, and dried. The product was cleaved from the resin with HF 
30 according to the general procedure to give 280 mg of a solid. A 56 mg portion was purified by 
HPLC (Vydac C-18, 1x50 cm, 27 to 42% acetonitrile in water over 60 min, 9 mL/min, 0.1% TFA, 
rt= 28 - 38 min)to give 23 mg of the title compound. MS (electrospray, M+H) 684.2. 
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Example 20 




(inip)-DpNal.DpNaWN-2.phenylethyl-Gly) amide, TTA salt 
Step A: 2-Bromoacetyl-(MBHA-resin) 

A 2^0 g «™pte oi MBHA-„»i„ (0.« ,„„,„,/g. i^-e „^„„ „„ ^„ „^ 

DIPC „ DCM to 2 h. Th. r«i„ w« „«hed DCM ,5x, .„ giv. 2-brom<»ce.yl-(MBHA. 
resin) (ninhydrin negative). 



Step B: BOC.DpNal.(N-2-phenylethyl.GIy)^MBHA.re8i„) 

The above sample of 2-BromoacetyHMBHA-resin) was taken up in DCM and 4.0 n.i of 
phenethylamine added. After 5 h, the resin was washed (ninhydrin positive) and coupled with 
^ mg (2.56 mmol, 2.0 eq) of N-BOC-D-p-naphthylalanine using 1.70 g of BOP. 346 mg of 
HOBt, and 421 m1 of NMM for 18 h, to give the title compound, (ninhydrin negative). 

Step C: BOC.DPNal-DPNal-(N-2.phenylethyl.Gly).(MBHA-«sin) 

15 The product of step B was deblocked, washed, and coupled to 806 mg (2.56 mmol, 2.0 eq) of N- 
BOC-D-P-naphthylalanine using 1.70 g of BOP, 346 mg of HOBt, and 421 m of NMM for 4 h to 
give BOC-DpNal-DPNal-(N-2-phenylethyI.Gly)-(MBHA-resin) (ninhydrin negative). 

Step D: BOC.(inip).DpNal-DpNal-(N-2-phenyIethyI.Gly)-(MBHA- 
20 lesin) 

The above sample of BOC.DPNal-DPNaHN-2-phenylethyl-Gly)-(MBHA-resin) was deblocked 
washed, and coupled to 586 mg (2.56 mmol, 2.0 eq) of N-BOC-isonipecotic acid using 1 70 g of 
BOP, 346 mg of HOBt, and 421 m of NMM for 4 h to give BOC-(inip)-DpNaI-DpNaHN-2- 
phenylethyl-Gly)-(MBHA-resin) (ninhydrin negative). 
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Step E: (iiup)-D^al-DpNal.(N-2-phenyletfayl.Gly) amide, TFA salt 

The resin from Step D was deblocked, washed with methanol, dried, and cleaved with HF 
according to the general procedure to give 802 mg of a solid. A 70 mg portion was purified by 
HPLC (Vydac C-18, 1 x 50 cm, 25 to 40% acetonitrile in water over 60 min, 0.1% TFA, 9 
mL/min, rt= 33-50 min) to give 42 mg of the titie compound. MS (electrospray, M+H) 684.2. 



Example 21 




(inip)-DpNal-DPNal-(3-I-Tyr), 
TFA salt 



10 



15 



20 



Step A: |3.I.Tyr(3-BrBzl)MO-resin) 

N-BOC-(C)-3-Bromobenzyl)-3-Iodo-L-Tyrosine [Peninsula Labs, BOC-(3-I-Tyr(3-BrB2l)] was 
coupled to Hydroxymethyl-resin (Bachem, 1%DVB, 100-200 mesh, 1.0 mmol/g) with DIPC (3 
eq) and DMAP (0.25 eq) in DMA for 3 h. Hie resin was washed, deblocked, and washed again, 
according to the general procedure to give the title compound (ninhydrin positive). 

Step B: DpNal-[3-I-Tyr(3-BrB2l)J-(0-resin) 

BOC-DpNal (SyntheTech, 3 eq) was activated with HBTU (RicheUeu Biotechnologies, 4 eq) and 
DIPEA in DMA and coupled to the resin for 1 h (ninhydrin negative). The resin was washed, 
deblocked, and washed again, to give the titie compound (ninhydrin positive). 

Step C: DpNal-DpNal-l3-I-Tyr(3-BrBrl)]-(0-resin) 

BOC-DPNal (3 eq) was activated with HBTU (4 eq) and DIPEA in DMA and coupled to the 
resin for 1 h (ninhydrin negative). The resin was washed, deblocked, and washed again, to give 
the titie compoimd (ninhydrin positive). 
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10 



Step D: (inip)-DpNaI.D3NaW3.I-Tyr(3.BrBzl)WO.resin) 

N-BOC-isonipecotic acid (3 eq) was activated with HBTU (4 eq) and DIPEA in DMA and 
coupled to the above resin for 1 h (ninhydrin negative). H^e resin was washed, deblocked 
washed with DCM, MeOH, and dried in vacuo to give the title compound (ninhydrin positive).' 

Step E: (inip).D3Nal-DpNaW3.I.Tyr), TFA salt 

The intermediate from step D was cleaved with anhydrous HF according to the general 
procedure to give 350 mg of a soHd, which was purified by revere phase HPLC (15-20^ 300 A 
Vydac C-18, 2.5 X 27 cm, gradient: 32 - 46% acetonitrile (0.1% TFA) in water (0.1% TFA) in 80 
mm at 18 mL/min, rt = 20 min) to give 101 mg of (inip)-DpNaI-DpNal.(3-I-Tyr), TTA salt as a 
colorless powder after lyophilization. MS (electrospray, M+H) 813.0. 



Example 22 



15 



20 





(inip).DPNal.DPNaHN-(2.phenylethyl), N-(4.ami„obutyl)I amide, 

TFA salt 

Step A: DpNal-l4-N.(2-phenylethyl)].(BDA^OO-re8in) 

A 1.0 g sample of the BDA-COO-resin from (Example 13, Step A) was sweUed with DCM, and a 
solution of 1% HOAc in DMF added, foUowed by 69 mg (1.2 eq) of phenylacetaldehyde and 60 
mg of sodium cyanoborohydride. After 14 h, the resin was washed repeatedly with DMA and 
DCM (nmhydrin test showed a red color replacing the deep blue of the starting resin), and the 
resin neutralized. To a DCM slurry of the resin was added 0.45 g (1.44 mmol) of BOC-D-P- 
naphthylalanine, 0.43 g of BOP-Cl, and 0.30 mL of DIPEA. After 14 h, the resin was washed 
deblocked, and washed again to give the title compound (ninhydrin positive). 
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Step B: DpNal-DpNal-l4-N-(2-phenylethyl)].(BDA-COO.ie8in) 

The intermediate from step A was reacted with a preactivated DMA solution of 0.45 g (1.44 
mmol) of BCX:-D.p-naphthylalanine. 0.64 g of BOP, 0.19 g of HOBt, and 0.21 mL of NMM for 
1.5 h. The resin was washed, deblocked, and washed again, giving the title compound 
5 (ninhydrin negative). 

Step C: (inip)-DpNal-DpNaMN.(2-phenylethyl), N-(4.aminobutyl)] amide, TFA salt 

The intermediate from step B was reacted with a preactivated DMA solution of 0.33 g (1.44 
mmol) of N-BOC-isonipecotic acid, 0.64 g of BOP, 0.19 g of HOBt, and 0.21 mL of NMM for 2 h. 
10 The resin was washed, deblocked, washed with methanol, and dryed in vacuo. HF cleavage as 
per the general BOC protocol above gave 100 mg of a powder, that was purified by reverse 
phase HPLC (15-20^, 300 A, Vydac C-18, IX 50 cm, gradient: 23 - 38% acetonitrile (0.1% TFA) in 
water (0.1% TFA) in 60 min at 9 mL/min, rt = 35 min) to give 10 mg of the title compound. MS 
(electrospray, M+H) 698.4. 



Example 23 




(inip).DpNal-D3Nal-(N-2-phenylethyl) amide, 
TFA salt 



Step A: FMOC-DPNal-CWang resin) 

Wang resin (6.0 g, 0.63 mmol/g, 3.78 mmol) was sweUed in DCM and coupled with 2.48 g (5.67 
mmol) of N-FMOC-D-3-naphthylalanine using DIPC (11.3 mL of a 1 M solution in DCM, 11.3 
mmol) and 100 mg of DMAP in DCM for 6 h, to give the title compoimd, after washing with 
20 methanol and drying in vacuo (yield 8.14 g). 

StepB: DpNal-DpNal-(Wang resin) 

Employing the standard FMOC chemistry cycle above, a 4.0 g sample of FMOC-DpNal-(Wang- 
resin) (0.63 mmol/g, 2.52 mmol) was swelled in DCM, deblocked, washed, and coupled with 
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2.20 g (5.04 n^n of N-FMOC-DPNI u«ng2.23g«BOP..,do«.a„,NMMforl.Sh.lhe 

5 Slfl.O I>OC-(hilp).DpN.I.D3N»WW.ng™ta) 

TK, *„v. o, DpN„-DpNal-(Wa„g.^, „„ „„ , ^ 

BOC«™^ .ad B«np,. „«h<^ B, S»p H, using 4.45 g <rf BOP ,^ „, 

washed with methanol and dried in vacuo. ej.wiucnwas 



10 



15 



20 



sup D, <falp).DPN.I.DSNd^N-2-ph«,yl«hyI) ...ide, TTA Mil 

A 030 g sample of ^ above BOCKinip WNI-DUNal^Wang ^in, „^ ^ 3 „^ 

Ph»«hyl.m™ (AMrich, and 5 ml of DMA. ^ .«^d mix«.„ p„L a 50 -c „i. 
had, u^er nitrogen fo, « h. fUtered. the «,in „a,h«, with DCM. -^e «lt,a.e was 
concentred and partitioned between , N sodium hydrogen s^.^ .^^ 
orgamc phase was washed successively with I N solium bicarbonate, water, brine, and dried 
over magnesium su«ate. Concentration gave an oU that was treated with 6 mL of DCM/7PA 
(1.1) for 1 h « ,„b.e„, temperature and conoantrated to give 30 mg of a gum. Purification by 
reverse phase HPL. ,15-2,^. 300 A, Vydac CIS. U 50 cm. gradient: 23 - race.onl.rile ,0.1% 
T^A, m water ,0.1V. TPA, in 60 min a. , mL/min. „ . 33 min, gave 7.6 mg of the tide 
compound. MS (electrospray,M+H) 627.6. 



Example 24 




(inip).DpNal-DPNaHN^4.aminobulyl)] amide, 
TFA salt 
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Step A: BOC-D3Nal-(BDA-COO-K8in) 

A 5.0 g (0.24 nunol/g, 1.2 mmol) sample of the BDA-CCX)-resin from Example 13, Step A was 
neutralized, washed with DCM, and coupled with 0.76 g (2.4 mmol) of BOC-D3Nal, 1.06 g of 
BOP, 0.32 g of HOBt, and 0.40 mL of NMM for 2 h according to the general BOC chemistry 
protocols given above. The resin was washed, giving BOC-DPNal-(BDA-COO-iesin) 
(ninhydrin negative). 



Step B: BOC-DpNal-DpNal-(BDA-COO-re8in) 

The above sample was deblocked, washed, neutralized, washed, and coupled with 0.76 g (2.4 
10 mmol) of BOC-DpNal, 1.06 g of BOP, 0.32 g of HOBt, and 0.40 mL of NMM for 2 h, giving BOC- 
DpNal-DpNal-(BDA-COO-resin) (lunhydrin negative). 

Step G (inip)-DpNal-DpNal-(BDA-COO.iesin) 

The resin from Step B was washed, deblocked, washed, neutralized, washed, and coupled with 
15 0.55 g (2.4 mmol) of N-BOC-isonipecotic add (Example 1, Method B, step E), 1.06 g of BOP, 0.32 
g of HOBt, and 0.40 mL of NMM for 2 h, giving BOC-(inip)-DPNal-DpNal.(BDA-COO-resin) 
(ninhydrin negative). The resin was washed with DCM, deblocked, washed with DCM, 
methanol, and dried in vacuo. 



20 StepD: (inip)-D3Nal-DpNaMN-(4.aminobutyl)l amide, TFA salt 

The above resin (6 g) was cleaved with HF according to the general procedure and afforded 320 
mg of a solid after lyophilization. The sample was purified by reverse phase HPLC (15-20n, 300 
A, Vydac C-18, IX 50 cm, gradient: 12%-26% acetonitrile (0.1% TFA) in water (0.1% TFA) in 80 
min at 9 mL/min, rt = 18 min) to give 138 mg of the title compound. MS (electrospray, M+H) 

25 594.2. 



Example 25 




(inip)-DPNaHN-Me-DpNal)-IN-(4-aminobutyl)] amide, TFA salt 
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10 



15 



20 



25 



Step A: BOC-CN-Me-DpNalMBDA-COO-resin) 

DIPEA/DCM, „«hed, coupled witt, 981 mg (3 nunol) of BOC-fN-Me-DBNI. J 32 . , 
Stq, B: BOC.DBN.|.(N.M..DpN.lMBDA-COO-™i„) 

TK. above s^pta „„ deblocked, „«hed. neuWUzed witt, 5% MPEA/DCM »d 

mL d™ for 4 ™„. a.e„ .dd«. ,o *e resin. After 6 h, „^ ^ ^^'g^,, 

StepO <illip)-DpNrf<N.Met>PNdMBDA^OO-re5in) 

H» al^ve «»pfe ^ deblodced, „«hed, „eu»ali«d with 5% DIPEA/DCM, washed and 

ITJ" T " > - S Of BOP, and 0.« .. o 

NMM ,„, , h. p,„g BOC.,U,ip,.DPNHN.Me.DPNalHBDA-COO.„sin, (nlnhydrin 

n^«ve, ^ res. .Hed DCM, deblocked. wasHed DCM, . Lol ^ 

dnedm vacuo lo give 1.2 g of the «tle compound. 

Step D, (inip)-DPN.I.(N.M..D»N.lWN^4^,b„y,„ „^ ^, 

The above resm (1^ g, „„ heaved wift HF according ,o genend procedure .„ afford 100 

To' V TrT^^"- * ^ - P-««. by Phase lO-^ 

20,. 300 A, Vydac CIS, IX 30 Co.. gradien., 20 - 35% .c«oni«le (0.1% -r^A, in „a»r ,01% 
TTA u, « n.,^ a. 9 n.L/nUn. r. . 23 .Un) » give 27 „g of ^ pure H.,e compound MS 

(electrospray, M+H) 607.7. 
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Example 26 




(inip).DPNaHN-Mc.D(iNal)-N-(4.pipcridinyl) amide, 
TFAsalt 

Step A: N-CBZ*i5onipecotic acid 

Benzyl chloroformate (16.4 mL, 115 mmol) in toluene (50 mL) was added drop wise to a stirred 
solution of 12.9 g (100 mmol) of isonipecotic acid (Aldrich) and 21.0 g (250 mmol) of sodium 
5 bicarbonate in 200 mL of water. After 14 h, the mixture was extracted with ether (3 x 50 ml) 
and the ether layers were discarded. The aqueous layer was acidified with cone. HCl to pH 2, 
causing the product to precipitate. The product was partitioned into ethyl acetate (3 x 50 mL) 
and the combined organic layers were washed with brine, dried over magnesium sulfate, and 
concentrated in vacuo to yield 22.6 g (86%) of N-CBZ-isonipecotic acid as a viscous oil. 

10 

Step B: N-CBZ-4-(BOC-amino)-piperidine 

A solution of N-CBZ-isonipecotic acid (10.3 g, 38.9 mmol) in tert-butyl alcohol (100 mL) and 
TXZM (100 mL) was treated with diphenylphosphoryl azide (11.8 g, 42.8 mmol), TEA (5.97 mL, 
42.8 mmol), and the resulting mixture was heated at reflux for 3 days. The solution was 
15 concentrated in vacuo and the residue was partitioned between ether and water. The organic 
layer was washed successively with 10% aq citric acid, sat. sodium bicarbonate, brine, dried 
over magnesium sulfate, and concentrated to an oil. This residue was purified by silica gel 
flash chromatography (gradient elution, 7:3 to 1:1 hexane-ether) to afford 3.2 g (25%) of the titie 
compoimd as a colorless crystalline solid: TLC Rf 0.21 (1:1 hexane/ethyl ether). 

20 

Step C: 4-(BOC-amino)-piperidine 

N-CBZ-4-(BOC-amino)-piperidine (3.0 g, 9.0 mmol) was dissolved in ethanol (100 mL) and 
transferred into a Parr shaker bottle. After adding 10% palladium on carbon (0.5 g), the 
mixture was shaken imder an atmosphere of hydrogen at 50 psi for 0.75 h on a Parr apparatus. 
25 The catalyst was removed by filtration through a pad of Celite. The filter cake was washed 
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(lOO/o) of crude MBOCaminoJ-piperidme as a pale yellow oil. H^is product was used 
immediately in the next step without further purification. 

5 StepD: [4-(BOC-amino)-piperidineHCOO-iesin) 

Hydroxymethyl resin (4.0 g of 0.45 mmol/g, 1.8 mmol) was rinsed several times with toluene 
A soluhon of 20% phosgene in toluene (50 mL) was added to the hydroxymethyl resin (2 x 30 
mm) to generate the chlorofonnate intermediate. After rinsing the resin several times with 
toluene and dioxane, a solution of 4-(BOC-amino)-piperidine (Step C, 1.8 g, 9.0 mmol) in 
10 dioxane was added, and the resulting mixture was agitated for 3 h. The resin was rinsed with 
dioxane, DCM, and dried in vacuo, to provide 4.4 g of the tide compound. 

Step E: BOC^N.Me.DpNal).[4-(4-amino-piperidine)J.(COO-resin) 

An aliquot (0.82 g, -0.33 mmol) of the resin from Step D was treated with TFA deblock 
15 neutralized, washed, and coupled with 3 eq of BOC-(N-Me-DPNaI) (from Example 4 Step B) 3 
eq of BOP, 3 eq of HOBt and 4.5 eq of NMM in DMA/DCM for 1 h, after which a negative 
ninhydrin test was observed. 

step F: FMOC-DpNal.(N.Me.DpNalW4.(4-«ni„o.piperidi„e)HCOO.««in) 
» The above sample of BOC-(N-Me.DPNalH4-(4-amino.piperidine)HCOO.resin) was deblocked 
with TPA, neutralized, washed, and coupled with 4 eq of FMOC-D-P-naphthylalanine, 4 eq of 
BOP-Cl, and 6 eq of DIPEA in DCM overnight, after which a negative ninhydrin test was 
observed. 



25 



30 



35 



Step G: (inip)-DPNaKN.Me-DpNal)-N-(4.piperidinyl) «„ide, TFA salt 

The above sample of FMOC-DPNal-(N-Me-DpNal).[4-(4-amino-piperidine)HCOO-resin) 
deblocked with 20% piperidine/DMA, washed, and coupled with 3 eq of N-BOC-isonipecotic 
acid (from Example 1, Method B, Step E), 3 eq of BOP, 3 eq of HOBt, and 4.5 eq of NMM in 
DMA/DCM for 1 h, after which a negative ninhydrin test was observed. The peptide was 
deblocked with TFA, washed, and dried in vacuo to give (inip)-DPNal-(N-Me-DpNal)-(4-(4- 
amino-piperidine)]-(COO-resin). This peptide was cleaved from the resin with HP and 
lyophilized as per the general procedure to provide 88 mg of a crude solid. This solid was 
purified by reverse phase HPLC (15-20^, 300 A, Vydac C-18, IX 50 cm, gradient 23 - 38% 
acetonitrile (0.1% TTA) in water (0.1% TFA) in 60 min at 9 mL/min, rt = 43 min) to give 39 mg 
of the tide compound as a colorless powder after lyophilization. MS (electrospray, M+H) 619.4. 



was 
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Example 27 




H 



HN^ H O 




(inip)-DpNaHI>^napthylalanol), 
TFAsalt 



15 



20 



A 0.30 g sample of BOC-(inip)-DpNal-DPNal-(Wang resin) (from Example 23, Step C) was 
suspended in 5 mL of THF vmder nitrogen and 0.90 mL of a 2.0 M solution of lithium 
borohydride in THF (Aldrich) added. After 1.5 h, 2 mL of HOAc was added carefuUy, the 
suspension filtered, and the resin washed with MeOH. The combined filtrates were 
concentrated three times from MeOH to give a solid, which was treated with 9 mL of 
TFA/DCM (2:1) contaiiung a few drops of triethylsilane for 1 h. The solution was concentrated 
to give 270 mg of a solid, which was purified by reverse phase HPLC (15-20^, 300 A, Vydac C- 
18, 2.5 X 27 cm, gradient: 25 - 39% acetorutrile (0.1% TFA) in water (0.1% TFA) in 80 min at 18 
mL/min, rt = 50 min) to give 39 mg of the title compound. MS (electrospray, M+H) 510.0. 



Example 28 



30 




(inip).DPNal-(N-Methyl-D-P-naphthylalanol), 
TFAsalt 
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Step A: (N-Me-DpNalMO-iesin) 

A 1.48 g (4.50 mxnol) sample of BOC-N-MethyH^P-^phthylala^ne (from Example 4, Step B) 
was coupled to 1.5 g (1.0 mmol/g, 1^ nanol) of hydroxymethyl-resin with DIPC (4.50 mL of a 
1.0 M solution in DCM, 4.50 mxnol) and 55 mg (0.45 mmol) of DMAP in DMA/DCM (M) for 2 
h. Tl.e resin was washed, deblocked, and washed according to the general BOC procedure to 
give the tide compound (beads give an orange ninhydiin test). 

Step B: D3Nal.(N-Me-DpNal)-(0-resin) 

Tl^e above (N-Me.DPNal)-(0-resin) was coupled with 1.42 g (4,50 mmol) of BOC-D-P- 
naphthylalanine, 1.01 g of BOP-Cl, and 1.46 mL of DIPEA in DCM for 12 h. Tl.e resin was 
washed and deblocked (ninhydrin positive) to give the title compound. 

Step C: BOC^inip)-DpNal.(N.Me-DPNal).(0.resin) 

To a slurry of the above DPNal.(N-Me-DpNalHO-resin) in DCM/DMA (1:1) was added 1 03 g 

of Nl^.Afterlh. the resin was washed, washed again with methanol, and dried^ 
give 2.33 g of the title compound. 



20 



25 



Step D: (inip)-DpNal.(N.Methyl.D^naphthylalanol), TFA salt 

A 1.0 g (0.64 mmol) sample of the above B0C-(inip)-D3Nal-(N.Me-DpNal).(0-resin) was 
suspended in 10 mL of THT under nitrogen and 3.2 mL of a 2.0 M solution of lithium 
borohydride in THF (Aldrich) added. After 1.5 h, 2 mL of HOAc was added carefully the 
suspension filtered, and the resin washed with MeOH. Tl^e combined filtrates were 
concentrated 3X from MeOH to give a soUd, which was treated with 6 mL of 11:a/DCM (11) 
containing a few drops of triethylsUane, for 1 h. The solution was concentrated to give 700 mg 
of a sohd containing salts. A 386 mg aUquot was purified by reverse phase HPLC (15-20^ 300 
A, Vydac C-18, 1 X 50 cm, gradient: 23 - 38% acetonitrile (O.l-Zo TPA) in water (O.l-Zo TFA) in 60 
mm at 9 mL/min, rt = 40 min) to give 21 mg of the tide compound. MS (electrospray, M.H) 
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Example 29 



10 



20 




BOC.(inip).DPNaHN-inethyl, N.I(2R)-2-(l.amino-3-(2-naphthyl)propylJl amide, TFA salt 
Step A: BOC-(inip)-DpNal 

To a stirred solution of 10.0 g (44.0 mmol, 1.0 eq) of N-BOC-isonipecotic acid (from Example 1, 
Method B, Step E) in 200 ml of DCM was added 100 mg of DMAP and 4.53 g (22 mmol. 0.5 eq) 
of DCC After 1 h, the dicydohexylurea was fUtered off and the filtrate added to a solution of 
4.7 g (22.0 mmol. 0.5 eq) of D-p-naphthyalanine and 35 ml of NMM in 200 ml of DCM. The 
reaction was stirred overnight, concentrated, and the residue partitioned between ethyl acetate 
and 0.5 N citric add. The organic phase was washed with water, brine, evaporated, and the 
product recrystallized from ethyl acetate, to give 3.95 g of BOC-(inip)-DPNal. Another 2.14 g 
was obtained by chromatography of the mother liquors on silica (ethyl acetate/HOAc, 98:2), 
combined yield: 65%. 1h NMR (300 MHz, de-acetone) S 7.8 (3H, m), 7.65 (IH, s), 7.4 (3H, m), 
7.2 (IH, d), 4.8 (IH, m), 3.88 (2H, m), 335 (IH, m), 3.15 (IH, m), 2.62 (2H, m), 2.35 (IH, m), 1.6- 
1.4 (4H, m), 1.35 (9H, s). MS (FAB, M+H) 427^. 

15 Step B: BOC.(N-Me-D-P-naphthylalanol) 

To a cold soluUon of 3.25 g (9.9 mmol,1.0 eq) of BCX:-(N-Me-DPNal) {from Example 4, Step B) 
and 1.10 g (10.9 mmol, 1.1 eq) of TEA in 50 ml of dry THF, was added dropwise over 30 min, a 
solution of 1.19 g (10.9 mmol, 1.1 eq) of ethyl chloroformate in 10 ml of dry THF. The reaction 
turned bright red and TEA hydrochloride precipitated and was filtered off. The red filtrate was 
added dropwise to a cold, stirred solution of 1.50 g (39.6 mmol, 4.0 eq) of sodium borohydride 
in 50 ml of methanol /water (1:1). After stirring overnight, the reaction mixture was 
concentrated to 1/2 the initial volume and partitioned between ethyl acetate and 0,5 N citric 
add. The orgaiuc phase was washed successively with water, 10% potassium carbonate, 
saturated sodium bicarbonate, brine, dried over sodium sulfate, filtered, and concentrated to 
25 yield 2.91 g of an oil (94%). 1h NMR (300 MHz, CDQs) S 7.75 (3H, m), 7.6 (IH, s), 7.4 (3H, m). 
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4.3 (,H). 3.7 (2H, n,). 3.0-2.8 (6H, m). 1.3 (9a 2s). IR (c„-l, 3428. 3050. 2977 ,689 1669 
1363.1144. MS (H.e/m)427i 2»77, 1689, 1669. 

Siep C: OR)-l.Azld<H.2.(BOC-n«hyl.nU„.).3.Q.„pl,a,yn pn.p«. 

5 A c„,d»,u«on o, hydrazoic add ,4.14 n^olrS^^^^ ^ 

itror6ri'''T""™'°''°''°*'™-^'''-^-^°'"*-'-''^°''— ' 

THF .. -78 C. A sc^ o, 870 mg ,2.76 , .„ „, BOCN-Me-D^^h^w.^ 

.-P B, . ,0 ^ ^ d^ ™, „„ ^ ^ ^^^^ ^^^^ I J^^^ 

'^P'"^ '^ 2 S.«»..ed «KU», bic„bo™.e ,20 „L, ,dd«, „d tt« „ac«o„ 

^ oTl """-^ »d *e organic ph,.. „^ 

Z™ *»»«°^P'^y on smca ,ha™y, 

^7,^!™°^ '°''^''*'°"^- =^3.67.75 ,3„ 
m) 7.6 IH. d). 7.42 PH. n,,. 7.25 Oft «). 4.4 (Ift =.,. 3.6-28 ,4H. 2.7 ,3a 2a,, 1 3 ,9H 2a, 
n!(cm-l, 3057. 2977, 2094, 1689. ■ -^l. i-i im, 2s). 

0 S,.pD, BOC^inip,.DpNaWN™«.y^„«,^,^ 

..O.q),a«pC,„2„^„,DCM„aa«.«d„«hZO„Uo,-,^A*„lh««.„apo„«ds.v«a, 
OCM. ^d„e was dissolved a so,„«o„ o,5 nd „,OCM and LmIo,^ 
add«, .o a p^viously p^„ed ^H... o, 75, n.g ,1.76 ^ io o/ N-BOCinip,- 

DPN^(«epA,.363„g,1.76™„o,.2.0e,,o,DCC.238.g,1.76n„„ol20a,,o,„OB a^ 
250ulofNMMin,5mlofDCM/DMF(2 ,l Th. . . <» n<-Wl. and 

wiftlmT . . "»'~«°n""st."ed overnight, triturated 

wth , mL of water and the precipitated dicyclohexylure, was filtered „«. The -eaction .nixhrre 
was up in ethyl acetate and washed successively with 0.5 N citric add. water ,0% 

po«s.i„n, carbonate, water. «..ur,ted sodiun, bic,rt,o„ate, brine, dried over sodiuo, suU... 
and evapon-ted. Hash d^n^tography „„ siUca (ethy, aceute/hexane „:„. ,«= o 4 

a:;:::rM!::r 

S^P^E: BOC.«nip,.DpNa..,N.„«hyl N.„2R,.2.„.a..i„..„2-„.phthy„p,.py,„ 

A solution „, 280 mg (0.43 n»K,l, of U« azide £,»„, ...p D in ,5 ml of methanol and , ml HOAc 
was hydrogenated over ,00 mg of ,0% palladimn on carbon at 30 psi for 8 hrs. The catalvs. 
was fUtered off and the fUtrate evaporated to give 250 mg of crude product. A 20 mg ahquo. 
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was purified by reverse phase HPLC (15-20M, 300 A, Vydac C-18, 1 X 50 cm, gradient: 30 - 45% 
acetonitrile (0.1% TFA) in water (0.1% TFA) in 60 min at 9 mL/min. rt = 39 - 48 min) to give 8 
mg of the title compound. IR (cm-1) 3409, 3296, 3057, 2977, 1675, 1430, 1204, 1171, 1131. MS 
(electrospray, M-«-H) 624.5 



Example 30 




(inip)-DpNaHN-methyl, N-I(2R)-2-(l.amino-3-(2-naphthyl)propyll) amide, 

TFA salt 

A solution of 200 mg of BOC-(inip)-DPNal-|N-methyl, N-[(2R)-2-(l-amino-3-(2- 
naphthyl)propyl]) amide, TFA salt (from Example 29, step E) in 2 ml of DCM was treated with 
2 ml of TFA, stirred for 1 h, and concentrated to give 490 mg of crude product. A 100 mg 
aliquot was purified by HPLC (Vydac C-18, 1 x 50 cm, 20 to 35% acetonitrile in water, 60 min, 
10 0.1% TFA, 9 mL/min, rt= 21-31 min) giving 17 mg of the title compound. MS (electrospray, 
M+H) 523.2. 
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Example 31 





10 



TFAsalt 

ml o, TEA and 0,5 n., „, .„«c ^y,,„.. ^ _ ^ 

pu^^ by HPL^ O'yd.c C..,, . X 50 c., 25 .o 50% ,ce.o„iw,e i„ „„„ „i 60 1 , 



Example 32 





HN 



(inip)-DpNal.[N-l.{2-(2-naphthyl)ethyl)J amide, 
TFAsalt 

Step A: 2-(2-Naphthyl)ethylainine hydrochloride 

A solution of Uthiuxn alununum hydride (LAH, 100 nunol, 3.0 eg) in 300 nU of drv ether at 0 «C 
was stirred and a solution of 2-naphthyIacetonitrile (5.0 g, 30 nunol, 1.0 eq) in 200 ml of dry 
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ether added over 2 h. To the resultant bright orange slurry, was added dropwise, 25 ml of cold 
(0 "O 12 N sulfuric add, and the mixture stirred untU colorless. The reaction mixture was 
partitioned between ether and water and the ether phase, contaiiUng mostly unreacted 2- 
naphthylacetonitrile, discarded. The aqueous phase was basified with sodium hydroxide and 
5 the separated free amine extracted into ether, dried over sodium sulfate, fUteied, and acidified 
with anhydrous HCl in dioxane. The precipitated HQ salt was coUected by filtration to give 
890 mg of the title compound. 1h NMR (300 MHz, D2O) 5 7.82 (3H, t), 7.7 (IH, s). 7.45 (2H, m), 
738 (IH, d), 3.25 (2H, t), 3.05 (2H, t). MS (FAB, M+H) 172.1. 

10 Step B: BOC-(inip).DpNaHN.l-{2-(2-naphthyl>ethyl}] amide 

A mixture of 100 mg (0.23 mmol, 1.0 eq) of N-BOC-(inip)-DPNal (from Example 29, step A), 42 
mg (0.23 mmol, 1.0 eq) of 2-(2-naphAyl)elhyIamine hydrochloride (step A), 132 mg (0.69 mmol, 
3.0 eq) of EDC, 31 mg (0.23 mmol, 1.0 eq) of HOBt, 87 ^l (0.69 mmol, 3.0 eq) of NMM, and 5.0 
ml of DMF was stirred overnight at ambient temperature. The reaction mixture was 

15 partitioned between ethyl acetate and dUute hydrochloric acid and the separated organic phase 
washed successively with water, saturated sodium bicarbonate, brine, dried over sodium 
sulfate, filtered, and evaporated. The crude product was chromatographed on silica (ethyl 
acetate/hexane (70:30), Rf« 0.5) to give 110 mg of the title compound. IR (cm'l) 3289, 3057, 
2977, 2930, 2857, 1695, 1642, 1423, 1171, 819, 739. MS (FAB, M+H) 5803. 

20 

Step O (inip).DpNal.[N.l-{2.(2.naphthyl)ethyl)] amide, TFA salt 

A solution of 110 mg of N-BCX:-(inip)-DpNal-[N-l.(2-(2-naphthyl)ethyl)] amide (step B) in 4 ml 
of DCM was ta«ated with 2 ml of TFA and stirred for 2 h. The concentrated crude product (121 
mg) was purified by HPLC (1 x 50 cm, Vydac C-18, 25 to 40% acetonitrile in water over 60 min, 
25 9 mL/min, 0.1% TFA, rt= 25-30 min) to give 29 mg of the tiUe compound. MS (electrospray, 
M+H) 479.8. 




-121- 



wo 96/15148 



PCT/US95/14968 



10 



15 



20 



25 



Step A: N-Methyl.N-2.(2-iuiphthyl)ethylainine, TFA salt 

A solution of 2-(2.„aphthyl)ethylami„e (1.4 mmol, 1.0 e,)in DCM was prepared by 
partitioning 250 xng of 2-(2-naphthyl)ethylanune hydrochloride (from Example 32, step A) 
between 5 ml of DCM and 5 ml of 10% aq sodium hydroxide, l^e organic phase was dri J 
over sodium sulfate, fUtered, and 363 mg (1.67 mmol, 1.2 eq) of di-t-butyldicarbonate added, 

fonowedbyl.0mlof7^.Afterstirringfor30min,thereactionmixturewasconcen^^^^ 
the product ciystalUzed from hexane at -78 "C. Weld: 250 mg. 

IWs product w„ dissolved in :o ml „, dry THF, 2« ^1 ^ 3.0 ^ ^ 
.dd«i, and the soludon c«,led ,0 0 -C. Sodium hydride ,47 mg. 60% disper^n in nu™^ oil, 
1.96 mmol) was added in pordons witt, stin^ng over 10 min. and the reacdon allowed ,0 warm 
to amb.™. .«„pe«ure overnight. The solvents were evaporated and the crude product taken 
up m ethyl .c«.t./h»ane and washed succe«,ively wid, saturated sodium bicad,on..e, 1 N 

-'P""'-' Treatment 

(3H, s), 1.55 (IH, s). MS (FAB, MtH) I86.a 

Step B: BOCKtaip>.D{lNd.IN.„eU,yl, N-WKJ-naphlhyDeaylJl «,Ud. 

It r °' 7 -0 Of BOCinip^DPNI (frc™ Example „. s.^ a,. ™ 

3 0 ; L ''-~*^'-'^-^»«'y"«hy<-i« <«tep A,. 5« mg ,3.06 mmol. 

r ?r,^ '"■"'"^'•'•°'^°'"°**""''°'<^'»°-'--"«tf°'NMM..„d 
15 ml of DMP was stirred ovenUght a, ambient t«nperature. The r^cdon mixture was 
pamtroned between ethyl acetate and dilute citric add and the sep^ted organic phase washed 
succ.s.v.ly With water, saturated sodium bicari«„a,e, brine. dri«, over sodium sulfate. 
fUtered and evaporated, crude product was chr„ma.og„phed on silica ,80:20. ethyl 

iio4, ol9, 732. 



30 



35 



Step C: (imp).DPN.HN-methyl, N.l-{2-(2-naphthyl)ethyl}] amide, TFA salt 
A solution of 550 mg of BOC-(inip)-DpNaHN.methyl, N-l-,2-(2-naphthyl)ethy„] amide (step 
B) m 4 ml of DCM was treated with 3 ml of TP A, sHrred for 2 h, and concentrated to give 569 
mg of crude product. A 90 mg aliquot was purified by HPLC (1 x 50 cm, Vydac C-18 27 to 42° 
acetonitrile in water over 60 min, 0.1% IPA, 9 mL/min, 214 nm, rt=30Ht5 min) to give 29 mg of" 
the tide compoimd. MS (electrospray, M+H) 493.8. 
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Example 34 




(inip).DPNal-(N-(2-naphthyI)methyl) amide, 
TFAsalt 

Step A: 2*Aminomethylnaphthylene hydrochloride 

A stirred 0 °C solution of 20.0 g of 2-naphthaldehyde (128 mmol) arid 98.7 g (1.28 mol) of 
ammonium acetate in 200 mL of MeOH/HOAc (99:1) was treated with 5.62 g (90.0 mmol) of 
sodium cyanoborohydride, portionwise. The solution was stirred at ambient temperature for 
5 24 h, concentrated in vacuo, resuspended in water, and basified with sodium hydroxide. The 
product was extracted into eiher, washed with water, brine, dried over magnesium sulfate, and 
filtered. The filtrate was treated with a dry ethereal solution of HCl, and the precipitated 
product washed with ether and dried to give 16.5 g (65%) of 2-aininomethylnaphthylene 
hydrochloride. 

10 

Step B: (inip)-DpNal-(2*aminomethylnaphthyI) amide, TFA salt 

A mixture of 124 mg (0.29 mmol) of BOC-(inip)-DPNal (from Example 29, step A), 84.5 mg (0.54 
mmol) of 2-aminomethylnaphthylene hydrochloride (step A), 67 mg (0.348 mmol) of EDC, 47 
mg (0.348 mmol) of HOBt, and 140 ^iL of NMM in 5 ml of DMF was stirred overnight at 

15 ambient temperature. The reaction mixture was partitioned between ethyl acetate and water 
and the separated organic phase washed succesively with 1 N sodiiun hydrogen sulfate, 1 N 
sodiimi bicarbonate, brine, dried over magnesium sulfate, filtered, and evaporated. The crude 
product was dissolved in 4 ml of DCM/TFA (1:1), stirred for 2 h, and reconcentrated to give 
160 mg of crude product. An 85 mg aliquot was purified by HPLC (1 x 50 cm, Vydac C-18, 23 

20 to 38% acetonitrile in water over 60 min, 0.1% TFA, 9 mL/min, rt= 45 min) to give 4.6 mg of the 
title compound. MS (electrospray, M+H) 466.0. 
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Example 35 




OH 



anip).DpNal.(D.Tiyptophanol), 
TFAsalt 



Step A: BOC-DpNal.DTip.(0.resin) 

A 15 g «„pte c BOC^rp^o.,^^, ,0.5 ™„,/g, 0.75 



10 



15 



20 



25 



Step B: B0C-(inip).DpNal-DTtp.(0.re8in) 

T^e above sample of BOC-DPNal-DTn>-(0.resi„) was debloclced, washed, and coupled with 

mL (4.5 e,) of NMM for 1 h, giving 1.76 g of the title compound after washing with methanol 
and drying in vacuo (ninhydrin negative). 

Step C: (inip).D3Nal-(D-T,yptophanol), TFA salt 

o7™ T "^^^ ' ^^«PNal-DT^.(0-resin, 1.76 g, was suspended in 50 mL 

w« fUtered and the resin washed with MeOH. I^e combined filtrates were concentrated and 
partitioned between ethyl acetate and water (a few drops of HOAc added). Tl.e organic phase 
was concentrated, and treated with 20 mL of TTA/DCM (1:1) for 30 min. T^e TTA was 
r«noved in vacuo and the product reconcentrated from DCM (3X) to give 700 mg of an oU A 
100 mg aliquot was purified by reverse phase HPLC (15-20^, 300 A, Vydac C-18 1 X 50 cm 
gradient: 23 - 38% acetonitrile (0.1% TFA) in water (0.1% TTA) in 60 min at 9 mL/min rt - 20 
mm) to give 23 mg of the title compound. MS (electrospray, M+H) 499.5. 
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Example 36 




N 
H 

(inip)-DpNaI-[N-tiyptaininyl] amide, TFA salt 
Step A: BOC-(inip)-D3Nal-[N-tiyptammyI] amide 

A mixture of 100 mg (023 mmol, 1.0 eq) of N-BOC-(inip)-DPNal (from Example 29, step A), 132 
mg (0.69 mmol, 3.0 eq) of EDC, and 47 mg (0.35 mmol, 1.5 eq) of HOBt in 15 ml of DCM/DMF 
(2:1) was stirred for 10 min, then 40 mg (0.25 mmol, 1.1 eq) of tiyptamine and 40 nl (0.35 mmol. 
5 1.5 eq) of NMM were added. After 14 h at ambient temperature, the reaction mixture was 
partitioned between ethyl acetate and dilute citric acid and the separated organic phase was 
washed successively with water, sahirated sodium bicarbonate, brine, dried over sodium 
sulfate, filtered, and evaporated. The crude product (160 mg) was chromatographed on silica 
(ethyl acetate/hexane (70:30), Rf= 0.5) to give 90 mg of the title compound as a crystalline solid. 
10 IR (cm-1) 3342, 3289. 3057. 2977, 2924, 2857, 1675, 1636, 1556, 1436, 1224, 1164, 739. MS (FAB. 
M+H) 569.3. 



Step B: (inip)-DPNal.[N-trypUminyl] amide, TFA salt 

A solution of 70 mg of N-BOC-(inip)-DpNaI-[N-tryptaminyl] amide (step A) in 4 ml of DCM 
15 was treated with 3 ml of TFA and stirred for 1 h. The concentrated crude product was purified 
by HPLC (1 X 50 cm, Vydac C-18, 20 to 35% acetonitrile in water over 60 min, 9 mL/min, 0.1% 
TFA, rt= 30^ min) to give 32 mg of the tide compound. MS (electrospray. M+H) 469.4. 
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Example 37 




(mip).DpNal-DTip.Phe.Ly8-Mnide, TFA salt 

The title compound was prepared in an identical fashion to (inip)-DPNal-DPNal-Phe- 
Lys-axnide, TTA salt (Example 1, method B) with the only change being substihiHon of BOC-D- 
Tryptophan for BOC-D3NaI in the third coupling (step C). Washing, drying, and cleavage as 
per the general BOC protocol above gave 250 mg of a powder. A 102 mg aUquot was purified 
by reverse phase HPLC (15-20u, 300 A, Vydac C-18, IX 50 cm, gradient: 23 - 38o/„ acetonitrile 
(0.1O/O TFA) in water (0.1% TTA) in 60 min at 9 mL/min, rt « 32 min) to give 23 mg of the tiUe 
compound. MS (electrospray, M-t-H) 812.4. 



10 



15 



20 



25 



Example 38 
Anterior Pituitary Cell Assays 
("Pit" Cell Assays) 

Dispe»ion: Adult female Sprague-Dawley (160-180 g., Charles River) rats were group-caged in 
a 12:12 Ughtdark cycle with food and water available ad libitum. Pituitaries from ten rats were 
removed, the posterior pituitary discarded and the anterior pituitary placed in Hanks" Balanced 
Salt Solution (HBSS: without calcium chloride, w/o magnesium chloride, w/o magnesium 
sulfate; Gibco) containing 20 mM HEPES (Gibco) and 100 U/ml penicillin streptomycin (PS 
JRH Biosciences). Under sterUe conditions, pihiitaries were rinsed twice then minced into 
small fragments with a razor blade. Fragments were resuspended in 5 ml of HBSS/HEPES 
containing 20 mg collagenase (Serva 17449) and 200 ml of 1 mg/ml DNase (Sigma) for a 40 min 
mcubation in a 370 C gy^^ry water bath shaker (New Brunswick Scientific Model G76; setting 
10). After the incubation, fragments were triturated to yield smaU clumps and single cells The 
cells were centrihiged 1000 x g for 5 min, resuspended, counted and plated at a final ceU 
concentration of 100,000 cells/ml. Incubation media was DME low glucose media w/NaHCOj 
(Gibco) containing 20 mM hepes, 100 U/ml PS and 10% FES (Hyclone A-lll-L). Cells were 
plated at 0.5 ml per weU in 48 well plates (Falcon) and incubated at 370c in 5% C02 for three 
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days. For challenges to detennine release of other pituitary hormones cells were plated at 
200,000 cells per ml with 2 ml per well of a 6-well plate (Coming). 

Challenge: A (inip)bbFK-NH2 stock (or other CHRP) concentration of 1 mM was made in 
5 DMSO and diluted with warmed media approximately 30 min prior to use. The highest 
concentration of DMSO in media was 0.1%. Stock solutions (ImM) of rat GHRH, somatostatin 
(Sigma) and CHRP antagonist HwkWfK were made fresh in media and diluted appropriately. 
The media used in all challenges and washing steps was DME low glucose with 20 mM Hepes, 
100 U/ml PS, 10% PBS. Media was warmed to 37^C and gassed by placing it into the incubator 

10 prior to challenge. On day three, the media was discarded and fresh media (approximately 1 
ml) added for the first of three washes. After the last wash, the plate was placed back in the 
incubator for a 15 min pre-incubation. Then cells were washed 2x (with warmed and gassed 
media) and fresh 0.5 ml media were added for the second 15 min. pre-incubation. After the 
second pre-incubation cells were washed 2x as above and 0.5 ml of control and test solutions 

15 were added for a final 15 min incubation. After this incubation, the media were removed for 
subsequent GH ELISA. 

GH ELISA: A two-site ELISA was used to determine rat GH concentration in the media. 
Briefly, goat anti-rat GH antibody (lot# 19164-20) was used to coat Nunc immunoplates 
20 overnight. After blocking and washing, standard (rat GH reference preparation : Parlow) and 
challenge media is diluted 1:20 prior to GH assay were added for a 1 hr room temperature 
incubation. 

STATISTICS: The mean for each group was determined and analyzed by one-way analysis of 
25 variance with a post-hoc Student-Newman-Keuls. Significance is defined as P < 0.05. The 
EC50 was calculated using a 4-parameter curve-fit program (Kaleidagraph). Three to four 
independent EC50S were used to derive the mean and SEM. 

RIA of pituitary hormones: LH, FSH, TSH, and Prolactin were determined with commercially 
30 available kits from Amersham, and ACTH levels were determined by a RIA kit from ICN. 

CALCIUM FLUX EXPERIMENT: Pituitary cells were plated on fibronectin (Collaborati\'e 
Research) coated two-chambered slide wells (Nimc). After four days in monolayer culture cells 
were rinsed three times with HBSS (Gibco) in 1% BSA and 15 mM HEPES and then incubated 
35 for 30 min at 37^ C with 5 jiM Indo-1 AM (Molecular Probes, Eugene) in HBSS also containing 
1% pluronic F127 (Molecular Probes). The cells were rinsed once and fresh media added for RT 
incubation. Cells were challenged within 30 min with 10 nM (inip)bbFK-NH2, vehicle or 2.5 
uM ionomycin (Sigma). Ca+"*" flux was imaged with a Meridian ACAS 570 using stage 
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scanning at 21 second intervals. Ca^ bound Indcvl was measured at 405 ± 22 nm and Ca-- 
free lndo-1 was measured at 530 ± 15 nm. The ratio of bound vs free Indo-1 was calculated and 
corrected with a standard curve created under identical instrument settings (Grynkiewicz G M 
Peonxe, RT Tsien. A new generation of Ca*- indicators with greatly improved flourescence 
properties. Journal of Biological Chemistry 260: 3440-3450, 11985J). 



Example 39 
In vitro and In vivo Biological Data 



10 Biological data for selected prior art compounds is provided 



in Table II 



15 



20 



Literature 
code 



'CHRP 6" 
'■GHRP2" 

"CHRP 1" 
L-692,429 
L-692^5 



Stru cture 

YwwF 



H w A W f K 
a b A W f K 
(Ava) b A W f K 
A H b A W f K 
benzo-fused lactam 
benzo-fiised lactam 



Table II 

C-tenn 
amide 



amide 
amide 
amide 
amide 



"Pit" Cell 
EC5o(nM ) 

1000 



6.2 
1.0 

0.2 
1.4 
26.2 
10.6 



SE 



1.5 
0.2 
0.03 

5.3 
4.0 



n 



5 
3 
3 
2 
5 
4 



Rat IV 



1.0 
0.35 
1.5 

100 
10 



25 Tl^efoUowing selected in «>o and in vivo biological data for compounds represented 

by formula IV is provided in Table III 



O I, rd o 



30 

rb 6 

IV 



35 
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Table III 



5 



10 



25 



30 



1 — 

1 Structure 


C-tertn 


PIT Cell 

EC50(nM) 


SE 


n 


RATIVED50 

(UR) i 


Y w w F K 


amide 


1000 




3 




H w w F K 


amide 


25.8 


3.9 


3 


50 


H b w F K 


amide 


6.8 


1.2 


3 


4.2 


H w b F K 


amide 


15.0 


5.0 


3 


50 


H b b F K 


amide 


2.4 


1.2 


3 


15.4 


G w w F K 


amide 


2.1 


0.3 


3 


2.5 


(Ava) w w F K 


amide 


13.0 


2.6 


4 


5 


a w w F K 


amide 


4.1 


2 
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Table III (cont.) 
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The following selected in vitro and m viuo biological data for compounds 
represented by formula HI is provided in Table IV 
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Table IV (cont.) 
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Hie following selected in vitro and in vivo biological data for compounds represented 
by formula II is provided in Table V 
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Table V(cont.) 

PIT Cell 

EC5o(nM) 




The following selected in vitro and 



compounds represented by formula V is provided in Table VI 

rB 1l' 



in vivo biological data for the "retroinverso" 
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Example 40 

GHRP Induced Growth Hormone Secretion: Intravenous Administration 

Immature weanling female Sprague Dawley rats were purchased from Charles River 
5 Labs (Portage, Oregon) and group housed with water and food available ad libitum. When the 
rats were 24-30 days old (weighing 50-90 g) ttiey were anesthetized with pentobarbitone (4 mg 
in 0.5 ml, approximately 60 mg/kg) given by intraperitoneal injection. The rats were then 
placed briefly on a heated pad, to distend ttieir tail veins, and given an intravenous tail vein 
injection of the peptides 20 minutes after receiving the anesthetic. The intravenous injection 
10 was of 0.1 ml iising a 1 ml syringe. The injections contained graded doses of peptides or the 
vehicle (vehicle for all peptides given intravenously was a buffer of 20 mM soditim acetate, 45 
g/1 maniutol, pH 5.0). Ten minutes after the intravenous injection blood was taken by cardiac 
puncture, using a 3 ml syringe, and the rats were then sacrificed. 

The blood was then clotted on ice, centrifuged, serum decanted and frozen for subsequent 
15 analysis using the rat GH EUSA described elsewhere in the application. For the rat GH ELISA 
the serum was diluted 1:50 or 1:250, depending on the expected serum GH concentrations 
achieved, and assayed in duplicate. 



Example 41 

GHRP Induced Dose Dependent Weight Gain in Rats 

Methods: Forty normal Sprague Dawley female rats (Supplier, Charles River, 90 days of age, 
average weight 200 g) were group housed in a room controlled for temperature and lighting 
25 and fed a standard pelletted rat diet and tap water ad libitum. The rats were weighed on the 
day of surgery (see below) and randomized into 5 groups of 8/group using a grouping 
program. 

The GHRP (inip) b b F K-NH2, was dissolved in a sodium acetate (20 mM) buffer (pH 
5.0) containing mannitol (45 g/1) at 8 g/1, 1.6 g/1 and 0.33 g/1. Rat GHRH (1-43) was dissolved 

30 in the same buffer at 25 g/1. Osmotic minipumps (Alza, Palo Alto, model 2002, pump rate 0.52 
txl/hr for 14 days, fill volume 230 ^il) were filled with these solutions (l/rat for (inip) b b F K- 
NH2 and 2/rat for rat GHRH); a fifth set of pumps were filled with the sodium acetate buffer. 
All the pumps were primed by being incubated in isotonic saUne overnight in a refrigerator. 

The next day these osmotic pumps were inserted into rats. To do this the rats were 

35 anesthetized with ketamine/xylazine (62.5 and 12.5 mg/kg/rat, respectively, by i.p. injection). 
The dorsal neck was then shaved, swabbed with betadine solution and cleaned with alcohol. 
An incision was then made on the dorsal neck and the a subcutaneous pocket created caudally 
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by blunt dissection. The pumps were then inserted into the pocket with the end of the puxnp 
deUvering the solution positioned away from the incision. H^e incision was then closed with 
wound clips, the rat placed on a heated pad and when ambulatory was returned to its home 
cage. 

The rats were then weighed every day nnd on day 14 they were sacrificed using 
mhalation of carbon dioxide. They vrere then bled from the heart and organs taken Tlte 
pxhaxtary, spleen, heart, kidney, liver, and thymus were taken and weighed whUe the tibias 
were removed and placed in IQo/o formalin for subsequent histological evaluation. To do this 
the tibias were sectioned longitudinally and the width of the epiphyseal plate was measu^d 
usmg a microscope fitted with an ocular micrometer. 

Serum chemistries were measured by standard automated procedures. Serum insulin- 
like growth factor-1 (IGF-1) was measured by radioimmunoassay, using an antibody raised in 
rabbits, after acid ethanol extraction to remove the IGF-1 binding protein. 

Statistical significance was gauged by analysis of variance, which if significant (p<0 05) 
was foUowed by a Duncan's New Multiple Range Test to test for differences between the 
individual treatment groups. Data are presented as mean ± standard error of the mean with 8 
rats per group. 

The body weight gains plotted against time for the 5 treatment groups are shown in 
Figure 19. Both (inip) b b F K-NH2 and rat GHRH induced significant body weight and organ 
20 weight gain compared to the vehicle treated rats. 



15 



25 



35 



Example 42 

Comparison of SC injections and SC infusions 



Methods: Forty normal Sprague Dawley female rats (supplier Charles River, 150 days of age 
average weight 280 g) were group housed in a room controlled for temperahire and lighting 
and fed a standard pelletted rat diet and tap water ad libitum. The rats were weighed on the 
day of surgery (see below) and randomized into 5 groups of 8/group using a grouping 
30 program. ° 

GHRP (inip) b b F K-NH2 was dissolved in a sodium acetate (20 mM) buffer (pH 5 0) 
containing mamutol (45 g/1) at 8 g/1 and 1.6 g/1 to fiU the minipumps and at 0.5 and 0.1 g/1 for 
the injection solutions. Osmotic minipumps (Alza, Palo Alto, model 2002, pump rate 0 52 
Ul/hr for 14 days, fill volume 230 nl, one per rat) were fiUed with these solutions; a fifth set of 
pumps were fiUed with the sodium acetate buffer. All the pumps were primed by being 
incubated in isotonic saline overnight in a refrigerator. 

The next day osmotic pumps were inserted into all rats. To do this the rats were 
anesthetized with ketamine/xylazine (62.5 and 12.5 mg/kg/rat, respectively, by i.p. injection). 
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The dorsal neck was then shaved, swabbed with betadine solution and cleaned with alcohol. 
An incision was then made on the dorsal neck and the a subcutaneous pocket created caudaliy 
by blunt dissection. The piunps were then inserted into the pocket with the end of the pump 
delivering the solution positioned away from the incision. The incision was then closed with 
5 wound clips, the rat placed on a heated pad and when ambulatory was returned to its home 
cage. 

Ihe treatment groups were; 

1) Excipient pump, excipient injections 2 times a day. 
10 2) (inip) b b F K-NH2 pump (100 ^g/day), excipient injections 2 times a day. 

3) (inip) b b F K-NH2 pump (20 ^ig/day), excipient injections 2 times a day. 

4) Excipient pump, (inip) b b F K-NH2 injections 50 ^g 2 times a day. 

5) Excipient pump, (inip) b b F K-NH2 injections 10 ^g 2 times a day. 

^5 The rats were then weighed every day and injected twice daily with either excipient or 

the two doses of (inip) b b F K-NH2. On day 14 they were sacrificed using inhalation of carbon 
dioxide. They were then bled from the heart and organs taken. The rats were skinned and 
eviscerated to weigh the amount of skin, muscle and bone (the carcass). The pituitary, spleen, 
heart, kidney, liver, thymus and the soleus muscle were also taken and weighed while the 
20 tibias were removed and placed in 10% formalin for subsequent histological evaluation. The 
tibias were sectioned longitudinally and the width of the epiphyseal plate was measured using 
a microscope fitted with an ocular micrometer. 

Senun chemistries were measured using standard automated techniques. Serum 
insulin-like growth factor-1 (IGF-1) was measured by radioimmimoassay, using an antibody 
25 raised in rabbits, after acid ethanol extraction to remove the IGF-1 binding protein. 

Statistical significance was gauged by analysis of variance, which if significant (p<0.05) 
was followed by a Dtmcan s New Multiple Range Test to test for differences between the 
individual treatment groups. Date are presented as mean ± standard error of the mean with 8 
rats per group. 

30 (inip) b b F K-NH2 at 20 and 100 fig/day, delivered by both injection and infusion, 

induced significant body weight gain compared to vehicle treated rats. The dose-related nature 
of the body weight gains to injections of (inip) b b F K-NH2 can be seen in Figure 20. In 
contrast there were similar weight gains in response to infusions of both 20 and 100 ^ig/day of 
(inip) b b F K-NH2. In addition there were very different patterns of weight gain in response to 

35 infusions or injections of 100 ^g/day of (inip) b b F K-NH2 as can be seen in Figure 21. 
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Example 43 

Coinbin.tion CHRP and IGF-l Treatment of Obese Rats 

;^^*°^= f (48) obese male Zucker DiabeUc Fatty (ZDF, rats (Genetic 

. ^°^«^^-'IncIianapolis,IN46268)6weeksofageweregrcmphausedinaroom^^^^ 

temperature and lighting and fed a standard pelletted rat diet and tap water a, UUtum. The 
rats were weighed on the day of surgery (see below) and randomized into 6 groups of 8/group 
usmg a grouping program. Ten lean ZDF rats served as an additional control group 

CHRP (inip) b b F K-NH2 was dissolved in a sodium acetate (20 mM) buffer (pH 5 0) 
containing mannitol (45 g/1) at 0.5 g/1. ITus CHRP was given by sc. injection twice daily, each 
dose of 100 m therefore containing 50 ng/injection or 100 ng/day. 

Recombinant human IGF-l (rhIGF-1) at 13.8 mg/ml in acetate buffer was loaded into 
osmotic minipumps (Alza, Palo Alto, model 2ML4, pump rate 2.29 m/hr for 28 days fill 
volume 2064 m). Other pumps we« fiUed with acetate buffer. The pumps were primed by 
bemg incubated in isotonic saline overnight in a refrigerator. The delivered dose of rhIGF-1 
was therefore 758 ^g/day. Recombinant human growth hormone (rhGH. Lot R9092AX 
Genentech Inc.) was diluted in sterile water to 2.5 g/l and a 100 m injection given twice daily 
(250 Hg/injection, or 500 ^g/day). 

The next day the osmotic pumps were inserted into rats. To do this the rats were 
anesthetized with ketamine/xylazine (62.5 and 12.5 mg/lcg/rat, respectively, by i.p. injection) 
The dorsal neck was then shaved, swabbed with betadine solution and cleaned with alcohol 
An mcision was then made on the dorsal neck and the a subcutaneous pocket aeated caudaUy 
by blunt dissection. Ihe pumps were then inserted into the pocket with the end of the pump 
dehvering the solution positioned away from the incision. AU rats not receiving rhIGF-1 
contaming pumps were implanted with pumps delivering the acetate buffer excipient The 
incision was then closed with wound cUps, the rat placed on a heated pad and when 
ambulatory was returned to its home cage. 

The rats were then weighed every day, and injected twice daily with either active drug 
(GH or GHRP) or vehicle excipient. On day 24 blood was withdrawn after a 4 hour fast and 1 5 
U/kg of regular insulin was injected i.p. and a second blood sample taken 30 minutes later 
The rats were then sacrificed using carbon dioxide, bled from the heart, and organs taken 
Serum glucose was measured by standard automated procedures. 

Statistical significance was gauged by analysis of variance, which if significant (p<0 05) 
was foUowed by a Duncan's New Multiple Range Test to test for differences between the 
mdividual treatment groups. Data are presented as mean ± standard error (SE) of the mean 
with 8 rats per group. 

Body Weight Gain: The body weight gains plotted against time for all treatment 
groups over the whole shidy are shown in Figure 22 and for the first 7 days for the GHRP (inip) 
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b b F K-NH2 and IGF-l treatment groups are shown in Figure 23. The basal blood gli 
values plotted against time for aU the treatment groups for the entire experiment are shown 
Figure 24 and the blood glucose responses to an intravenous ii«ulin chaUenge at the end of the 
experiment are shown in Figure 25. 

Example 44 

Combination CHRP and IGF-l Treatment of Normal Rats 

Methods: Sixty normal adult female SD rats (Supplier, Charles River, 120 days of age, 
250 to 320 g) were group housed in a room controlled for temperature and lighting and fed a 
standard peUetted rat diet and tap water ad libitum. The rats were weighed on the day of 
surgery and randomized into 12 groups of 5/group using a grouping program. 

The GH secretagogues (GHRPs and GHRH) were dissolved in a sodium acetate (20 
mM) buffer (pH 5.0) containing mannitol (45 g/1) at 0.5 g/L The GH secretagogues were given 
15 by sc. injection twice daily, each dose of 100 ^il. Different doses of the molecules were given 
based on there potency in the IV assay (for example L-692,585 was given at S-fold higher doses 
as it was less the least potent of the secretagogues). Recombinant human IGF-l (rhIGF-1) at 2.5 
mg/ml in acetate buffer was loaded into osmotic minipumps (Alza, Palo Alto, model 2ML1, 
pump rate 10.16 ^1/hr for 7 days, fiU volume 2086 ^1). Other pumps were fUled with acetate 
20 buffer. The pumps were primed by being incubated in isotonic saline overnight in a 
refrigerator. The delivered dose of ihIGF-1 was therefore 610 ^g/day. 

The next day the osmotic pumps were inserted into rats. To do this the rats were 
anesthetized with ketamine/xylazine (62.5 and 123 mg/kg/rat, respectively, by i.p. injection). 
The dorsal neck was then shaved, swabbed with betadine solution and cleaned with alcohol. 
25 An incision was ttien made on the doisal neck and the a subcutaneous pocket created caudally 
by blunt dissection. The pumps were then inserted into the pocket with the end of the pump 
delivering the solution positioned away from the incision. All rats not receiving rhIGF-1 
containing pumps were implanted with pumps delivering the acetate buffer excipient. The 
incision was then closed with wound clips, the rat placed on a heated pad and then when it 
30 was ambulatory returned to its home cage. The treatment groups were; 

1) Excipient 2 injections/d Excipient pump 

2) Excipient 2 injections/d IGF-l Pump 

3) GHRH (300 jxg/dose) 2 injections/d Excipient pump 
35 4) GHRH (300 Hg/dose) 2 injections/d IGF-l pump 

5) GHRP-6 (50 Hg/dose) 2 injections/d Excipient pump 

6) GHRP.6 (50 Kg/dose) 2 injections/d IGF-l pump 

7) (inip) b b F-NH2 (50 ^ig/dose) 2 injections/d Excipient pimip 
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8) (inip)bbF.NH2(S0^g/dose) 2 injections/d IGF-lpump 

9) (inip)bnmbbam(50Mg/dose) 2 injections/d Exdpient pump 

10) (inip)bnmbbam (SO^g/dose) 2 injections/d IGF-lpump 

11) L-692385(150ug/dose) 2 injections/d Excipientpump 
5 12)L-692^85(150Mg/dose) 2 injections/d IGF-lpump 

The rats were then weighed eveiy day, and injected twice daily with either active drug 
(GHRH or CHRP) or vehicle excipient). The rats were sacrificed using carbon dioxide, bled 
from the heart and organs taken. Serum chemistries were measured by standard automated 
10 procedures. 

statistical significance was gauged by analysis of variance, which if significant (p<0.05) 
was foUowed by a Duncan s New Multiple Range Test to test for differences between the 
mdividual treatment groups. Data are presented as mean ± standard error of the mean with 8 
rats per group. 

Body Weight Gain: The body weight gains plotted against time for the groups treated 
only With the GH secretagogues are shown in Figu. 26. The responses to the combination of 
the GH secretagogues and IGF-1 tended to be greater than to IGF-1 alone (Figure 27). 

All references described herein are expressly incorporated by reference. 
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WHAT IS CLAIMED IS: 

1. A compound represented by structural Formula (I) 
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15 



20 



25 
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35 



Ar^ 



A-j-B-j-C 
a l! 



\ 



Ar2 



where 



A is selected from the group 
O S 

rB 



RB 

o 



rB rA rA 

rs rb o 



o o 



o 



d 
o 



R*''V 



R*^ R*-^ "*O^N 



RB 

CN 



rb 



RB 



I 

RB 



RA N 

and '^^ ; 










B is selected from the 


group 




RC 

O 


rc 
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rC 
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o 

1 

rc 


rc 

OH 


rc 

CN 


o 
II 
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10 



20 



25 



and 



30 



, and Ci-Cgalkyl substituted with ° 
B may optionaUy be selected from the group 

a covalent bond, and 

Ci-Csalkyl, 
whenL2is-N(RC)^3; 
C is selected from the group 

hydrogen, '^'^,D-Y,and C 



D is selected from the group 
15 9. s 



, RD rd 

OH CN ' 



RD 

•V 

o 



O 



RD RD 



RD 



Ci-C6alkyl substituted with 
E is selected from the group 

RE RE pE 



v^- v^- r -A 



35 



^ RE 
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M RE 



10 



15 



25 



30 



35 



OH CN 



O 
II 



^ ^ ^°T" 



Ci-Cealkyl substituted with ° ; 
Ar^ and Ar^ are each independently selected from 
indoyl substituted with (R^)iv 



20 ^(R\ 



and Ar2 are indepxendently be selected from 
hydrogen, and 
Ci-C6alkyl; 

when or are L^-Ar^ or L^-Ar^; 
Ar^ is selected from the group 



(R*)„ 

, and 

Ar^ is selected from 

hydrogen, and 

CrC6alkyl; 
when is L^-Ar^; 

Ar^ together with a, Ar^ together with b and Ar^ together with c , each 



, and 
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pair together with the carbon to which they axe attached may 
independently form a 5 or 6 member carbocyclic ring; 
a, b and c are independently selected from 
hydrogen, and 
5 Ci-Cealkyl; 

n and o are independently 1, 2 or 3; 
L1 is selected from 
-CH2-O, 
-CH2-CH2-O- 
10 -CH2-, 

-CH2-CH2-,and 
-CH2-CH2-CH2-; 
l2 and l3 are independently selected from 
a covalent bcmd, 
15 -0-, 

-O-CH2-, 

and 

Q is selected from the group 
20 -l2-, 

-S(=0)2-l2-, 

-C(=OK 
-C(=0)-0., 
-CH(X)-, and 
25 -CHP()-CH2-; 

is selected from the group 

CfHZsalkyl-heterocyde where the heterocycle comprises a mono-, bi-, or 
fricycle containing 5-12 ring atoms, one or two of which are 
heteroatoms selected from O, S, and N, provided at least one 
heteroatom is N, where any N atom is optionally substituted with 

Co-C6alkyl substihited with one or two substihients selected from 
the group 
NR2r3 

35 imidazolinyl, 

pyridinyl, 

dihydropyridinyl, and 
piperidinyl; 
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R^, and R^ are selected from the group 

rA 

Ll-Arl, 
L2.Ar2, 

5 hydrogen, 

Ci-Cealkyl, and 
halo(F, a, Br, I)Ci-C6alkyl; 
rA and rB together with the N to which they are bonded may form a 5- or 
6-member heterocycle, optionaUy containing one additional hetero 
10 atom selected from O, S, and N where any N is optionally 

substituted with R^, any carbon is optionaUy substituted with R^ 
and where the heterocycle is optionally fused to a phenyl ring, 
optionally substituted with R^; 
r1 is selected from 
15 hydrogen, 
Ci-C6alkyL 
C(=OH:i<:6alkyl 
C(=0)-NR2r3 
C(=NR2).Nr2r3 
20 C(=0)0-Ci-C:6alkyl, 

halo(F, CI, Br, I)Ci<^kyl, and 
C2-C6alkyl substituted with 1-3 hydroxyl groups; 
r2 and r3 are independently selected from 
r1, and 

25 piperidinyl; 

r2 and r3 together with the N to which they are bonded may form a 5- or 
6-member heterocycle, optionally containing one additional hetero 
atom selected from O, S, and N where any N is optionally 
substituted with r1, any carbon is optionally substituted with R^ 
30 and where the heterocycle is optionally fused to a phenyl ring, 

optionally substituted with R^; 
r4 and r5 are independently selected from the group 
hydrogen, 

halo(F, CI, Br, and I), 
35 cyano, 
amino, 
amido. 
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nitro, 
hydroxy, 

Ci-Cealkyl optionally substituted with 1-3 r6 

C2-C6alkynyl optionally substituted with 1-3 r6 

Ci-C6alkyloxy optionally substituted with 1-3 R^, 

Ci-C6acylamino optionally substituted with 1-3 r6 

Ci-C6alkylcarbonyl optionally substituted with 1-3 r6 

Ci-C6alkyloxycarbonyl optionally substituted with 1-3 r6 

N-(Ci-C6alkylXN-(Ci.C6acyl)ainino optionally substituted with 1- 
3R6 

N-(Cl-C6alkyl)carboxamido optionaUy substituted with 1-3 r6, 
N,N-di(Co-C6alkyI)ainino optionally substituted with 1-3 r6, 
NJM.di(Ci.C6alkyl)carboxainido optionally substituted with 1-3 
R^, 

Cl-Qperfluoroalkyl, and 
^l-^Sperfluoroalkoxy; 
R^ is selected from the group 
COOR2 
0(C=0)r2 
CONR2r3 

cyano, 
NR2r3 

NR2cOR3 
azido, 
nitro, and 
hydroxy; 
R^ is selected from the group 
r6 

C6-Cioaryl optionally substituted with 
haIo(F, CI, Br, and I), 
cyano, 
eunino, 
amido, 
nitro, 
hydroxy, 

Ci-Qperfluoroalkyl, and 
Ci-C3perfluoroalkoxy; 
X is selected from the group 
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hydrogen, 

Ci-Cgalkyl optionally substituted with 1-3 and 
Ci-Ceacyl optionally substituted with a group selected from 
L2.Ar2, 

5 R\ and 

R6; 

Y is selected from the group 

-(C=0)^rA 

Ci-C6alkyl substituted with 1-2 
10 C2-C:6alkynyl optionally substituted with 1-2R7 

C2-C6alkyenyl optionally substituted with 1-2 R'^, and 
Ci-Cgalkyloxy optionally substituted with 1-2 R^ 

Y and R^ together with the N to which they are bonded may form a 5- or 

6-member heterocyde, optionally containing one additional hetero 
15 atom selected from O, S, and N where any N is optionally 

substituted with R^, any carbon is optionally substituted with R^ 

and where the heterocyde is optionally fused to a phenyl ring; 
Z is selected from the group 

Ci-Cealkyl substituted with 1-2 r7 
20 C2-C6alkynyl optionally substituted with 1-2R7, 

C2-C6alkyenyl optionaUy substituted with 1-2 R^ 

Ci-Cealkyloxy optionidly substituted with 1-2 R^ and 

piperidinyl; and 
pharmaceutically acceptable salts thereof. 

25 

2. The compoimd of Qaim 1 represented by Formula II 



30 



35 



II 

where 

Ar^ and Ar^ are each independentiy selected from 
indoyl. 
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10 



20 



25 



30 



35 




n and o are independently 1, 2 or 3; 
is selected from 
-CH2-O-, 
-CH2-CH2-O- 
-CH2-, 

-CH2-CH2-, and 

-CH2-CH2-CH2-; 
is selected from 

acovalentbond, 
-0-. 

-0-CH2-,and 
Lh 

R-^ is selected from the group 
Co-Csalkyl-heterocyde, 
O-Cb-Caalkyl-heterocyde, and 
NR2-C2-C6alkyl -heterocyde, 

where the heterocyde comprises a mono-, bi-, or tiicyde 
containing 5-12 ring atoms, one or two of which are 
heteroatoms selected from O, S, and N, provided at least one 
heteroatom is H where any N atom is optionally 
substituted with r1, 
Co-C6alkyl substituted with one or two substihjents, 
0<:2-C6alkyI substihited with one or two substihients, and 
NR2-C2-C6alkyl substituted with one or two substituents 
where the substituents are selected from the group 
NR2r3, 

imidazolinyl, 
pyridinyl, 

dihydropyridinyl, and 
piperidinyl; 



-148- 



wo 96/15148 



PCT/US95/14968 



and rC are selected from the group 
hydrogen, 

Ci-Cgalkyl optionally substituted with a group selected from 
NR2r3 

and 

5 phenyl-Ci-C3-NR2R3, and 

halo(F, a, Br, I)Ci-C6alkyl; 
is selected from 
hydrogen, 
Ci-Cealkyl, 
10 C{=0)-Ci-C6alkyl, 
C(=0)-NR2r3 
C(-NR2).Nr2r3 

C{=0)0-Ci-C6allcyl, 

halo(F, CI, Br, I)Ci-C6alkyl, and 
15 Ci-Cealkyl substituted witti 1-3 hydroxyl groups; 

r2 and r3 are independently selected from 

Ci-C6alkyl-NH2, 

Ci-C6alkyl-heterocycle, 

Ci-Cealkyl-NH-Ci-Cealkyl 
20 Ci-C6alkyl-N-<di-Ci-C6alkyl), 

R^and 

piperidinyl; 

r2 and r3 together with the N to which they are bonded may form a 5- or 6-member 
heterocycle, optionally containing one additional hetero atom selected from O, and N where 
25 any N is optionally substituted with any carbon is optionally substituted with R^ and 
where the heterocycle is optionally fused to a phenyl ring, optionaUy substituted with r4; 
R4 and r5 are independently selected from the group 
hydrogen, 

halo(F, CI, Br, and I), 
30 cyano, 
amino, 
amido, 
nitro, 
hydroxy, 

35 Ci-C6alkyl optionally substituted with 1-3 R^ 

C2-C6alkynyl optionally substituted with 1-3 R^, 
Cl-Cealkyloxy optionally substituted with 1-3 R^, 
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Ci-Ceacylamino optionally substituted with 1-3 r6, 

Ci-Cgalkylcarbonyl optionaUy substituted with 1-3 r6, 

Ci-C6alkyloxycarbonyl optionally substihited with 1-3 r6, 

N.(Ci-C6alkyl)JM-(Ci-C6acyl)amino optionally substihited with 1- 
5 3 r6, 

N-(Ci-C6aIkyl)carboxamido optionally substituted with 1-3 r6, 
N,N-di(Co-C6alkyl)amino optionally substituted with 1-3 r6 

N,N.di(Ci-C6alkyl)carboxamido optionally substituted with 1-3 
R6 

10 Ci-C4perfluoroalkyl, and 

Ci-Csperfluoroalkoxy; 
R6 is selected from the group 

coorz, 

CONr2r3 

15 cyano, 
NR2r3 

NR2cOR3, 
azido, 
nitro, and 

20 hydroxy; 

X is selected from the group 
hydrogen, 
oxo (=0), 
C00r2 

25 CONR2r3 

Co-Cealkyl-O-Ci-Cealkyl optionally substituted with 1-2 R6, and 
Ci-C6alkyl optionally substituted with 1-2 r6; and 
pharmaceutically acceptable salts thereof. 

30 3. The compound of Claim 1 represented by Formula Ila-IIg 



35 




Ila 
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where 

Arl and Ar^ are each independently selected from 
indoyL 

10 *0 ; 

n and o are independently 1, 2 or 3; 
pis0,l,or2; 
is selected from 

a covalent bond, 
15 -0-, 

-O-CH2-, 
-CH2-O-, 
-CH2-CH2-O- 
-CH2-, 

20 -CH2-CH2-, and 

-CH2-CH2-CH2-; 
and are selected from the group 
hydrogen, 

Ci-Cealkyl optionaUy substihited with a group selected from 
25 NR2r3, 

and 

phenyl-Ci<:3.NR2R3^ a„d 
halo(F, a, Br, I)Ci-C6alkyl; 
Rl is selected from 
hydrogen, 
30 Ci-Cgalkyl, 

C(=0)-Ci-C6alkyl, 
C(=0)-NR2r3 
C(=Nr2).nr2r3 
C(=0)0-Ci-C::6alkyl, and 
35 halo(F, CI, Br, I)Ci-C6alkyl; 

R2 and R^ are independently selected from 
hydrogen, 
Ci-C6alkyl, 
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piperidiny I, and 
halo(F, CI Br, I)Ci-C6alkyl; 
and together with the nitrogen to which they are attached may form 
a optionally mono- or di-substituted ring selected from 
5 piperidinyl, 
pyrroylidinyl, 
pynyl 
imidazolyl, 
piperazinyl, and 
10 morpholinyl 

where the substituents are selected from Ci-C3alkyl; 
R^ and r5 are independently selected from the group 
hydrogen, 

halo(F,Cl,Br,and I), 
15 cyano, 
amino, 
amido, 
nitro, 
hydroxy, 

20 Ci-Cealkyl optionally substituted with 1-3 R^, 

C2-C6alkynyl optiraally substituted with 1-3 R^ 

Ci-Cealkyloxy optionally substituted with 1-3 R^, 

Ci-C6acylamino optionally substituted with 1-3 R^, 

Ci-C^alkylcarbonyl optionally substituted with 1-3 R^, 
25 Ci-C^alkyloxycarbonyl optionally substituted with 1-3 R^, 

N-(Ci-C6alkyl)JM-(Ci-C6acyl)amino optionally substituted with 1- 

N-{Cl-C6alkyl)carboxamido optionally substituted with 1-3 R^, 
N,N-di(Co<l6allcyl)amino optionally substituted with 1-3 R^, 
30 N,N-di(Ci-C6alkyl)carboxamido optionally substituted with 1-3 

R^ 

Ci-C4perfluoroalkyl, and 
Ci -C3perfluoroalkoxy ; 
is selected from the group 
35 COOR2 

CONR2r3 

cyano, 

NR2r3, 
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NR2cOR3 
azido, 
nitro, and 
hydroxy; 

5 Q is selected from the group 

-L2-, 

-S(=0)2-l2., 

-C(=OK 

-C(=0)-0-, 
10 -CHpCKand 

-CHPC)-CH2-; 
X is selected from the group 

hydnjgen, 

oxo (=0), 
15 C00r2 

CONR2r3 

Q)-C6alkyl-0-Ci<^alkyl optionaUy substituted with 1-2 r6, and 
Ci-Ceallgrl optionally substituted with 1-2 r6; and 
pharmaceutically acceptable salts thereof. 



20 



25 



30 



4. The compound of Claim 3 represented by stiuctural Formula (Ila) 

I 

X 



Ar2 

Ila 

where 

Arl and Ar2 are each independently selected from 
indoyl, and 



and are selected from the 



group 
hydrogen, and 
methyl; 
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r1 is selected from 
hydrogen, 
Ci<:6alkyl 
C(=0)-Ci.C6alkyl, 
5 C(=0)-NR2r3 

C(=Nr2)-NR2r3, 
C(=0)0-Ci.C6alkyl and 
halo(F, CI Br, I)Ci-C6alkyl; 
r2 and r3 are independently selected from 
10 hydrogen, 
Ci-C6alkyl 

piperidinyL and 

halo(F, CI Br, I)Ci-C6alkyl; 
r2 and r3 together with the nitrogen to which they are attached may form 
15 piperidinyl, 

pyrroylidinyl, 

piperazinyl, and 

morpholinyl; 
is selected from the group 
20 C00R2 

CONR2r3, 

cyano, 
NR2r3, 

NR2cOR3 
25 azido, 

nitro, and 
hydroxy; 
X is selected from the group 
hydrogen^ 

30 oxo (=0), 

C00R2 

CONR2r3, 

Co-C6alkyl-0-Ci-C6alkyl optionally substituted with 1-2 R^, and 
Ci-C6alkyl optionally substituted with 1-2 R^; and 
35 pharmaceutically acceptable salts thereof. 

5. The compound of Claim 2 selected from the group 
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20 



25 



30 




35 
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10 



15 



and 




pharmaceutically acceptable salts thereof. 




O \ Me 



20 



6. Hie compound of Claim 1 represented by structural Formula (III) 

^ O 



O LJ-^R^ 



25 



where 



III 

Arl and Ar2 are each independently selected from 
indoyl. 



30 



35 



>H:(R^)n 



, and 



n and o are independently 1, 2 or 3; 

L-*^ and l2 are independently selected from 
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10 



-CH2-O-, 
-CH2-CH2-O- 
-CH2-. 

-CH2-CH2-, and 
-CH2-CH2-CH2-; 
R''^ is selected from the group 

Co-Csalkyl-heterocyde where the heterocyde comprises a mono-, 
bi-, or tricycle containing 5-12 ring atoms, one or two of 
which are heteroatoms selected from O, S, and N, provided 
at least one heteroatom is N, where any N atom is optionally 
substituted with R1, 
Co-Cgalkyl substituted with one or two substituents selected from 
the group 
NR2r3, 

and 

15 imidiizolinyl, 

P)mdinyl, 

dihydropyridinyl, and 
pipedinyl; 

R^, rC and fP are selected from the group 
20 hydrogen, 

Ci-Cealkyl optionally substituted with a group selected from 
NR2r3, and 

phenyl-Ci-C3-NR2R3, and 
halo(F, CI, Br, I)Ci-C6alkyl; 
25 R^ is selected from 

hydrogen, 
Ci-C6alkyl, 
C(=0)-Ci-C6alkyl, 
C(=0)-NR2r3 
30 C(=NR2)-Nr2r3^ 

C(=0)0-Ci-C6alkyl, and 
halo(F, CI, Br, I)Ci-C6alkyl; 
r2 and are independently selected from 
hydrogen, 
35 Ci-C6alkyl 

piperidinyl, and 
haio(F, CI, Br, I)Ci-C6alkyl; 
r2 and r3 together with the N to which they are bonded may form a 5- or 

-160- 



wo 9d/15148 



PCT/US95/14968 



6-member heterocyde, optionally containing one additional hetero 
atom selected from S, and N where any N is optionally 
substituted with R^, any carbon is optionally substituted with 
and where the heterocyde is optionally fused to a phenyl ring, 
5 optionally substituted with R^; 

R^ and R^ are independently selected from the group 
hydrogen, 

halo(F, a, Br, and I), 
cyano, 

2Q amino, 
amido, 
nitro, 
hydroxy, 

Ci-C6alkyl optionally substituted with 1-3 R^, 
25 C2-C6alkynyl optionally substituted with 1-3 R^, 

Ci-Cealkyloxy optionally substituted with 1-3 R^, 
Ci-C^acylamino optionally substituted with 1-3 R^, 
Ci-C^alkylcarbonyl optionally substituted with 1-3 R^, 
Ci-C^sOkyloxycarbonyl optionaUy substituted with 1-3 R^, 
20 N-(Ci-C6alkyl),N-{Ci-C6acyl)amino optionally substituted with 1- 

3R^ 

N-(Ci-<:6alkyl)carboxamido optionaUy substituted with 1-3 R^, 
N,N-di(Co-C6alkyl)amino optionally substituted with 1-3 R^, 
N,N-di(Ci-C6alkyl)carboxamido optionally substituted with 1-3 

25 R*' 

Ci-C4perfluoroalkyl, and 

Cl-C3perfluoroalkoxy; 

R^ is selected from the group 

C00R2 

30 CONR2r3 
cyano, 
NR2r3, 
NR2cOR3, 
azido, 

35 nitro, and 

hydroxy; 
R^ is selected from the group 
R^,and 
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C6-Cioaiyl optionally substituted with 

halo(F,Cl,Br,andI), 
cyano, 

amino, 

5 amido, 

nitro, 
hydroxy, 

^l-Qperfluoroalkyl, and 
Cl-C3perfluoroalkoxy; 
10 Y is selected from the group 

Ci-C^alkyl substituted with 1-2 r7, 
C2-C6alkynyl opHonally substituted with 1-2r7 
C2-C6alkyenyl optionally substituted with 1-2 r7 and 
Ci<:6alkyloxy optionally substituted with 1-2 r7 and 
15 phannaceutically acceptable salts thereof. 




35 
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phannaceutically acceptable salts thereof. 

The compound of Claim 1 represented by structural Formula Illa-IIIi 



25 



30 



35 
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10 



15 



20 



Illi 

where 

Ar^ and Ar^ are each independently selected from 
indoyl. 



n and o are independently 1, 2 or 3; 
R^, and R^ are selected from the group 
hydrogen, 

Ci-Cealkyl optionally substituted with a group selected from 
NR2R3,and 

phenyl-Ci.C3-NR2R3, and 
halo{F, CI Br, I)Ci-C6alkyl; 
Rl is selected from 
25 hydrogen, 
Ci-CeaUcyl, 
C(=0)-Ci-C6alkyl, 
C(=0)-NR2r3 
C(=NR2)-NR2r3, 
30 C(=0)0-Ci-C6alkyl, and 

halo(F, CI, Br, I)Ci-C:6aU=yl; 
r2 and r3 are selected from 
hydrogen, 
Ci-C6alkyl, 
35 piperidinyl, and 

halo(F, CI, Br, I)Ci-C6alkyl; 
r2 and r3 together with the N to which they are bonded may form a 5- or 
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6.member heterocycle, optionaUy containing one additional hetero 
atom selected from O, S, and N where any N is optionally 
substituted with any carbon is optionally substituted with r7 
and where the heterocycle is optionally fused to a phenyl ring, 
5 optionally substituted with R^; 

R4 and r5 are independently selected from the group 
hydrogen, 

halo(F, CI, Br, and I), 
cyano, 

10 amino, 
amido, 
nitro, 
hydroxy, 

Ci-C4perfluoroalkyl, and 
15 Ci-C3perfluoroalkoxy; 

R7 is selected from the group 
C00R2 
CONR2r3 

cyano, 

20 NR2r3^ 

NR2cOR3 
azido, 
nitro, 
hydroxy, 

25 C6-Cioaryl optionally substituted with 

halo(F, CI, Br, and I), 
cyano, 
amino, 
amido, 

30 nitro, 

hydroxy, 

Ci-C4perfluoroalkyl, and 
Ci-C3perfluoroalkoxy; 
Y is selected from the group 
35 Ci-C6alkyl substituted with 1-2 f7, 

C2-C6alkynyl optionally substituted with 1-2r7 
C2-C6alkyenyl optionally substituted with 1-2 R^ 
Ci-C6alkyloxy optionally substituted with 1-2 r7 and 
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5 



35 



piperidinyl; and 
phaimaceutically acceptable salts thereof. 

9. The compoiind of Claim 8 represented by structural Formula (Ilia) 




10 

nia 

where 

Arl and Ar^ are each independently selected from 
indoyl, and 

R^, and R^ aze selected from Ae group 
20 hydrogen, 
Ci-C6alkyl 

C6-Cioaryl-Ci-C6alkyl and 
halo(F, CI Br, I)Ci-C6alkyl; 
R^ is selected from 
25 hydrogen, 
Ci-C6alkyl, 

C(=0)0Ci-C6alkyl and 
halo(F, a, Br, I)Ci-C6alkyl; 
r2 and r3 are selected from 
^ hydrogen, 
Ci-Cealkyl, 
pif>eridinyl, and 
halo(F, CI, Br, I)Ci<:6alkyl; 
r2 and R^ together with the nitrogen to which they are attached may form 
an optionally mono- or di-substituted ring selected from 
piperidinyl, 
pyrroylidinyl, 
pyrryl, 
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imidazolyl, 
piperazinyl, and 
moipholinyl 

where the substituents are selected from Ci-Caalkyl; 
5 R'^ is selected from the group 

COOr2 
CONR2r3 

cyano, 
NR2r3 

10 NR2cOr3, 
azido, 
nitro, 

hydroxy, and 

C6-Cioaiyl optionally substituted with 

15 halo(F,CLBr,andIX 

cyano, 

amino, 

amido, 

nitro, 

20 hydroxy, 

Cl-C4perfluoroalkyl, and 
Ci -Csperfluoroalkoxy; 
Y is selected from the group 

Ci-C^alkyl substituted with 1-2 r7, 
25 C2-C6alkynyl optionally substituted with l-ZR^ 

C2-C6alkyenyl optionally substituted with 1-2 r7 
Ci-Cealkyloxy optionally substihited with 1-2 r7 and 
piperidinyl; 

Y and rD together with the N to which they are bonded may f onn a 5- or 
6-member heterocyde. optionaUy containing one additional hetero 
atom selected from O, S, and N where any N is optionally 
substituted with Rl, any carbon is optionaUy subsHtuted with r7 
and where the heterocyde is optionally fused to a phenyl ring; and 
pharmaceutically acceptable salts thereof. 



30 



35 



10. 



The compound of Claim 9 selected from the group 
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15 



20 



25 




IV 



where 

Arl and Ar^ are each independently selected from 
indoyl. 



and 




, and 



n and o are independently 1, 2 or 3; 
is selected from the group 

Co-Caalkyl-heterocycle where the heterocycle comprises a mono-, 
bK or tricycle containing 5-12 ring atoms, one or two of 
30 which are heteroatoms selected from O, and N, provided 

at least one heteroatom is N, where any N atom is 
optionally substituted with R^, 
Co-Cealkyl substituted with one or two substituents selected from 
the group 

35 NR2r3^ 

imidazolinyl, 
pyridinyl. 
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dihydropyridinyl, and 
piperidinyl; 

R^, rC rD and rE are selected from the group 
hydrogen, 

5 Ci-Cealkyl optionally substituted with a group selected from 

NR2r3 and 

phenyI-Ci-C3-NR2R3^ and 
halo(F, CI Br, DCi^Cealkyl; 
Rl is selected from 
10 hydrogen, 
Ci-Cealkyl, 
C(=0)-Ci<^yl, 
C(=0)-NR2r3 
C(=NR2)-Nr2r3 
15 C(=0)OCi-C6alkyl, and 

haIo(F, a, Br, I)Ci-C6alkyl; 
R2 and r3 are independently selected from 
hydrogen, 
Ci-Cealkyl, 
20 piperidinyl, and 

halo(F, CI, Br, I)Ci-C6alkyl; 
R2 and r3 together with the N to which they are bonded may form a 5- or 
6-member heterocycle, optionaUy containing one additional hetero 
atom selected from O, S, and N where any N is optionally 
25 substituted with r1, any carbon is optionally substituted with r6 

and where the heterocycle is optionally fused to a phenyl ring, 
optionally substituted with R^, 
r4 and r5 are independently selected from the group 
hydrogen, 

30 halo(F, a, Br, and I), 

cyano, 
amino, 
amido, 
nifro, 

35 hydroxy, 

Ci-C6alkyl optionally substituted with 1-3 r6, 
C2-C6alkynyl optionally substituted with 1-3 r6, 
Ci-C6alkyloxy optionally substituted with 1-3 r6, 
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Ci-Ceacylanuno optionally substituted with 1-3 r6, 

Ci-Cgalkykarbonyl optionaUy substituted with 1-3 r6, 

Ci-Cgalkyloxycaxbonyl optionally substituted with 1-3 r6, 

N-(Ci-C6alkyl)JM.(Ci-C6acyl)amino optionally substihited with 1- 
5 3R6, 

N-(Ci-C6alkyl)carboxainido optionally substituted witti 1-3 r6, 
NJsr-di{Co-C6all9'l)amino optionally substituted with 1-3 r6, 

N^.di(Ci-C6aUcyl)carboxainido optionally substituted with 1-3 
R6 

10 Ci-C4perfluoroalkyl, and 

Ci-C3perfluoroalkoxy; 
R^ is selected from the group 
C00R2 
CONR2r3 

15 0(C«0)R2, 
cyano, 
NR2r3, 

NR2cOR3, 
azido, 

20 nitro, and 

hydroxy; 
r7 is selected from the group 
R^and 

C6-Cl0aiyl optionally substituted with 
25 halo(F, CI, Br, and I), 

cyano, 
amino, 
amido, 
nitro, 

30 hydroxy, 

Ci-C4perfluoroaIkyl, and 
Cl -C3perfluoroalkoxy; 
Z is selected from the group 

Ci-C6alkyl substituted with 1-2 r7 
35 C2-C6alkynyl optionally substituted with 1-2R7 

C2-C6alkyenyl optionally substituted with 1-2 R^, and 
Ci-C6alkyloxy optionally substituted with 1-2 R^ 
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Z and rE together with the N to which they are bonded may form a 5- or 
6-member heterocycle, optionaUy containing one additional hetero 
atom selected from O, S, and N where any N is optionally 
substituted with r1, any carbon is optionally substituted with r7 
and where the heterocycle is optionally fused to a phenyl ring; and 

pharmaceutically acceptable salts thereof. 
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, and 



10 



15 



pharmaceutically acceptable salts thereof. 



;and 



13. The compound of Claim 11 represented by structural Fonnula (IVa) 



Ar^ 



20 




f o 



25 where 



IVa 



30 



rC rD and rE are selected from the group 
hydrogen, and 
Ci-C6alkyl; 

Arl and Ar^ are each independently selected from 
indoyl, and 



35 



9 

Ar^ is selected from the group 
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,and 



5 




is selected from the group 



OH. 

Ci-C4alkyloxy, 
NR5r6 and 

1 to 4 a-amino acid residues; 
is selected from 
hydrogen, 

halo(F, CI Br, and I), 

cyano, 

amino, 

amido, 

nitro, 

hydroxy, 

Ci-C4alkoxy, 

Ci-C4perfluoroalkyl, and 

Ci -C3perfluoroalkoxy; 
r5 and are independently selected from 

hydrogen, and 

Ci-C6alkyl; and 
pharmaceutically acceptable salts thereof. 

The compound of Claim 13 selected from the group 



30 




NH. 



'2 



HN, 



35 
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15 




;and 

pharmaceutically acceptable salts thereof. 



10 

15. Hie compound of Claim 1 represented by Formula V 



^L" O 



R^ . 

V 



where 

20 Arl and Ar2 are each independently selected from 

indoyl, 

>=<(R*)„ 

n and o are are independently 1, 2 or 3; 
30 is selected from 

-CH2-0-, 
-CH2-CH2-O- 
-CH2-, 

-CH2-CH2-, and 
35 -CH2-CH2-CH2-; 
l2 is selected from 

a covalent bond, 
-0-, 
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-O-CH2- and 

R-^ is selected from the group 

Co-Csalkyl-heterocyde where the heterocyde comprises a mono-, 
5 bi-, or tricycle containing 5-12 ring atoms, one or two of 

whidi axe heteroatoms selected from O, S, and N, provided 
at least one heteroatom is N, where any N atom is 
optionally substituted with r1, 
QHZealkyl substituted with one or two substihxents selected from 
10 the group 

NR2r3^ and 

imidazolinyl, 
pyridinyl, 

dihydropyridinyl, and 
15 pipedinyl; 

and rC are selected from the group 
hydrogen, 

Ci-Cealkyl opHonaUy substihited with a group selected from 
NR2r3 and 

20 pbenyl-Ci-C3-NR2R3,and 
halo(F, CI, Br, I)Ci-C6alkyl; 
RA and rB together with the N to whidt they are bonded may form a 5- or 
6-member heterocyde, optionaUy containing one additional hetero 
atom selected from O, S. and N where any N is optionally 

substituted with Rl, any carbon is optionally substituted with r6 
and where the heterocyde is optionally fused to a phenyl ring, 
optioiully substituted with R*; 
r1 is selected from 
hydrogen, 
30 Ci-Cealkyl, 

C(=0)-Ci-C6alkyl, 
C(=0)-NR2r3 
C(=Nr2).nr2r3 
C(=0)0-Ci-C6allcyl, and 
35 halo(F, CI, Br, I)Ci-C6alkyl; 

R2 and r3 are independently selected from 
Rl, 

hydrogen. 



25 
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10 



Ci^Iealkyl, 
piperidinyl, and 
halo(F, CI, Br, QCi-Cealkyl; 
r2 and r3 together with the N to which they are bonded may f onn a 5- or 
6-member heterocyde, optionaUy containing one additional hetero 
atom selected from S, and N wheie any N is optionally 
substituted with R^, any carbon is optionally substituted with R^ 
and where the heterocycle is optionally fused to a phenyl ring, 
optionally substituted with R^; 
R4 and r5 are independendy selected from the group 
hydrogen, 

halo(F, CI, Br, and I), 

cyano, 

amino, 

15 amido, 
nitro, 
hydroxy, 

Ci-Cealkyl optionaUy substituted with 1-3 R^, 
C2-C6alkynyl optionally substituted with 1-3 R^ 

20 Ci-C^alkyloxy optionally substituted with 1-3 R^, 

Ci-C6acylamino optionaUy substituted with 1-3 R^, 
Ci-C6aUcylcarbonyl optionaUy substihited with 1-3 R^ 
Ci-C^aUcyloxycarbonyl optionaUy substituted with 1-3 r6 
N-(Ci-C6aUcyl)JsJ-(Ci-C6acyl)amino optionaUy substituted with 1- 

25 3R6, 

N-(Cl-C6aUcyl)carboxamido optionaUy substituted with 1-3 R^, 
N,N-di(Co-C6alkyl)amino optionaUy substituted with 1-3 R^, 
N,N-di{Ci-C6alkyl)carboxamido optionaUy substituted with 1-3 
R^, 

30 Ci-C4perfluoroalkyl, and 

Cl-C3perfluoroalkoxy; 
r6 is selected from the group 
C00R2, 
CONR2r3, 

35 cyano, 
NR2r3, 
NR2cOR3 
azido, 
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nitro, and 
hydroxy; 
X is selected from the group 
hydrogen, 
COOR2 

Co-C6alkyl-NR2R3^ 

Co-Cealkyl-OCi-Cgalkyl optionally substituted with 1-2 R6 and 
Ci-Cgalkyl optionaUy substituted with 1-2 r6; and 
phanneceutically acceptable salts thereof. 

The compound of Claim 15 selected from the group 



15 



20 



25 



30 



35 
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18. A method for increasing the level of endogenous growth hormone in a mammal 
comprising administering to the mammal a pharmaceutically effective amount of the 
composition of Claim 17 to the mammal. 

5 19. The method of Claim 18 further comprising administering the composition in 
combination with a growth factor selected from the group; growth hormone (GH), growth 
hormone releasing hormone (GHRH), insulin like growth factor-1 (IGF-1), and insulin like 
growth factor-2 (IGF-2). 

20 20. A method for treating Type II diabetes in a mammal in need of such treatment 
comprising administering to the mammal a pharmaceutically effective amount of the 
composition of Claim 17 to the mammal. 
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